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ERRATA INFORMATION for SELECTOR GUIDES 


PRODUCT SELECTOR GUIDE 


LSI/Linear 


FUNCTION / APPLICATION 


BASIC 
PART NO. DIGITS SCALES RESOLUTION ACCURACY 


A/D CONVERTERS 
LD110/LD111A* 


2 V, 200 mV, 20 mV 0.02% + 1 count 
(2 mV with external preamp) 
2 V, 200 mV 

2 V, 200 mV, 20 mV with 


external low-noise op amp 


10 uV (1 UV with external preamp) 


LD120/LD121A 
LD122/LD121A 


0.005% + 1 count 
0.005% + 1 count 


10 uV, 100 nV 
1uV @ 20 mV 


LINEAR 


Triple Op Amp/Low power amplification, voltage comparators, active filters, battery powered circuits 


Quad Comparator/Low power voltage comparator, level detectors, CMOS line receivers, oscillators, phase 
comparators, battery powered circuits 


INTERFACE 


Universal Logic Interface Circuit/Level shifts TTL or CMOS logic input to any logic output at high speed 


Dual High-Voltage Driver/Provides complimentary logic-level transition for driving VMOS Power FETs at 
high speeds 


Decodes Four Digit Multiplexed BCD to LCD Display Driver/Decodes up to 4 digits of multiplexed BCD 
information and derives the AC signals needed to drive a 4 digit LCD display 


TELECOM 
DF320/DF322 


Loop Disconnect Dialer (push button to conventional pulse dialer) / Allows conversion of telephone 
systems without touch-tone~ capability to use a push button phone requires crystal 


Loop Disconnect Dialer (LC or Crystal Oscillator) / Replaces conventional rotary dial phones with push 
button keyboard phones 


DF328 


* LD111A direct replacement for LD111. 
Touch-tone® is a registered trademark of Western Electric Co. 
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iconix 


PRODUCT SELECTOR GUIDE 


VMOS 


Ros(on) 


2N6659 
VN35AB 


VN30AB 


vai001P! 


vQ2001P 
VQ3001P 


va72547! 


30V BVoss 
20V BVoss 


P-Channel Quad 
Rps(On) is sum of 1 N-Channel and 1 P-Channel 


VN66AF 
VN67AF 
VN88AF 
VN89AF 
a = 


BREAKDOWN VOLTAGE 


a REE | 


i bee] 
2N6660 
VN67AB 
VN89AB 
VN46AF 
VN40AF 


2N6661 
VNS9AB 
VN9S0AB 


TO-202AA 


VN10KE 


va1000J/P 


14 Pin Dip 


Ds PRODUCT INFORMATION 


Siliconix Analog Switches 


Multiple Channel PMOS Switches 


Siliconix P-Channel MOSFET Switches are available for such applications as sequential switching (commutation), 
signal processing, modulation, and A-to-D conversion. The MOSFET is normally OFF. These devices are also available 
with Siliconix drivers in a single package. 


Circuit Function 


S 
Oo D 
U RG 
Basic R A A Pull 
Part Cate T Up Cgs Cds Csb 
Number E N E On ros Max(V) IS(off) VGS\th) Typ Typ Typ 
(Note 2) S S S SwitchType Gate @Vs=+10V @Vs=-10V_ BVpss (nA) Min Max (pF) (pF) (pF) 
GiiS-— 6 1 6 SP6i Yes 100 450 — 30 0.5 -15 -40 09 0.4 2 
Gite 5 4 5 SPo5ij Yes 100 450 — 30 0.5 -15 -40 09 0.4 2 
Gite 6-1) 6 SP6T No 100 450 — 30 0.5 -1.5 -40 09 0.4 2 
Gig 6 2%3 DP3T Yes 100 450 — 30 0.5 -15 -40 18 0.4 2 
Gi22~ 4 27.2 DPDT Yes 100 450 — 30 0.5 -1.5 -40 1.8 0.4 2 
Gi23. 4 32° 4 2x<SPDT Yes 100 450 — 30 0.5 -15 -40 18 0.4 2 


Drivers for PMOS FET Switches 


These drivers were designed to function as a level shifter and buffer between low level logic and the control gate of 
FET analog switches. Output voltage ratings are as high as SOV. 


OFF Level 
O Vi(out)OFF 
| U at 
N T Rated Current Optimum Supply 
Basic P P ON Level or Input VINH Voltage Switching 
Part UU Viout)ON-V2 lout)OFF Logic (V) (V) Time (us) 
Number T T at at for ViINL (INH) 
(Note 2) S S_ Function and Uses Rated Current(s) Rated Voltage VoutT(low) (V) (mA) Vi V2 VL VR tON tOFF 
D123 6 6 Six Separate 0.4V@5 mA 0.1 vA @10 V 1 0.4 (1 mA) (Note 9) -20 — Ome 05 1.2 
MOSFET-Drivers 
D125 6 6 Six Separate 0.4 V@5 mA 0.1 vA @10 V 0 0.5 46 (Note9) -—20 5 — 05 1.2 
MOSFET-Drivers 
D129. 7 4 Four Channel (BV=50) 0.7 V@10 mA 0.1 pA @10 V 1 0.7 2.2  (Note9) —20 — — 09.25 08 
MOSFET-Driver 
with Decode 
*D139 2 4 Dual High-Speed 1.1V@10 pA 1.3 V@10 pA Output& 08 2.0 10 =20: 5 O° “BOMi7  Or2 
Drivers/with Com- 1.5 V@2mA 15 V@ 2mA Complement 0.8 2.0 10 20) oO 0 O17. O32 
plimentary Outputs Available 


Re EN Res ns ee ouEIESEEEEREaINET TPAI>”THEEz71RUTEEREITTIR IT GSES 


NOTES: 
(1) “Devices recommended for new designs are indicated in bold face type. 


(2) See page 3 for package and temperature designations 


(3) Analog voltage range is a function of supply voltages. Where a FET switch is PMOS or CMOS, rps is also a function of Suppply Voltage and 
Analog Voltage. See individual data sheets for more detail. Values shown are for temperature suffix A (see Note 2). 


(4) Input reference voltage of 2.5 V is required (see data sheets). 

(5) See data sheet for switch state of differential switches. 

(6) Current Driven Device—lINH =1mMA 

(7) For truth table see data sheet. 

(8) The appropriate switching characteristic for multiplexers is tTRANSITION, not ton, tOFF. 
(9) Device normally operates with resistor—to + 10 V. 
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Interested in a Handbook of FETs? 
See next page for content description. 


SS 


Mail th 


Designing with 
Field-Effect 
Transistors 


SS Siliconix 


incorporated 


057449-9 
$24.50* 


*Price subject to change. 


is free 


examination card today. 


All orders subject to acceptance by McGraw-Hill. 


Please send me___ copies of DESIGNING WITH 
FIELD-EFFECT TRANSISTORS for 15 days on approval. At 
the end of that time | will remit for the book(s) | keep plus 
any local tax, postage and handling, and return any 
unwanted book(s) postpaid. | understand that if | remit now, 
plus any local tax, McGraw-Hill pays all postage and 
handling costs and that full refund privileges still apply. 


City 


Designing with Field-Effect Transistors 


This text was written to meet the needs of electronic circuit designers who are 
using or contemplating the use of JFETs. After the introductory chapter describing 
how FETs behave, the book discusses the interrelationship of the various character- 
istics and explains how they relate to typical data sheet specifications. Subsequent 
chapters are devoted to: 


e Circuit applications (including low-frequency 
and high-frequency circuits) 

e Using FETs in analog switches 

e VCR and current regulators 

e Use of FETs in integrated circuits 

e An introduction to power VMOS 
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Siliconix 


how to use the 
FET Cross Reference and index 


The following examples illustrate how the FET Cross Reference and Index should be used: 
Case (1) Recommended replacement offered by Siliconix is identical to Industry Part Number. 


Industry Part Number Type and Classification Recommended Replacement 
2N4391 N JFET 2N4391 


Case (2) Recommended replacement offered by Siliconix is not identical to Industry Part Number. 


Industry Part Number Type and Classification Recommended Replacement 
2N3457 N JFET 2N4338 


The recommended replacement may be exact, tighter or looser on electrical characteristics, and may 
be a different package or pin-out. Data sheets for both parts should, if possible, be reviewed for a 
complete comparison. Refer to appropriate page number listed under Data Sheet or Geometry 
column. 


Type and classification abbreviations are described as follows: 


CR (Current Limiter) ENH (Enhancement-Mode Normally-Off) 
CRR (Current Limiter) JPAD (Plastic Pico Ampere Diode) 

D (Dual) N (N-Channel) 

DN (Dual N-Channel Metal Can) P (P-Channel) 

DPAD (Dual Pico Ampere Diode) PAD (Pico Ampere Diode) 

FN (N-Channel Metal Can) VMOS (Vertical MOSFET) 
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FET Cross Reference and Index Ss 


Siliconix 


Recommended Data Geometry 


Sheet 
Replacement Page Page 


Industry 
Page Part Number 


Type and 
Classification 


Type and Recommended Aelia Geometry 
Classification 


Industry 


Part Number Replacement 


Page 


iconix 


1N5283 
1N5284 
1N5285 
1N5286 
1N5287 


1N5288 
1N5289 
1N5290 
1N5291 
1N5292 


1N5293 
1N5294 
1N5295 
1N5296 
1N5297 


1N5298 
1N5299 
1N5300 
1N5301 
1N5302 


1N5303 
1N5304 
1N5305 
1N5306 
1N5307 


1N5308 
1N5309 
1N5310 
1N5311 
1N5312 


1N5313 
1N5314 
2N2386 
2N2386A 
2N2497 


2N2498 
2N2499 
2N2500 
2N2606 
2N2606JAN 


2N2607 
2N2607JAN 
2N2608 
2N2608JAN 
2N2609 


2N2609JAN 
2N2841 
2N2842 
2N2843 
2N2844 


2N3066 
2N3067 
2N3068 
2N3069 
2N3070 


CL N JFET 
CL N JFET 
CL N JFET 
CL N JFET 
CL N JFET 


CL N JFET 
CL N JFET 
CL N JFET 
CL N JFET 
CL N JFET 


CL N JFET 
CL N JFET 
CL N JFET 
CL N JFET 
CL N JFET 


CL N JFET 
CL N JFET 
CL N JFET 
CL N JFET 
CL N JFET 


CL N JFET 
CL N JFET 
CL N JFET 
CL N JFET 
CL N JFET 


CL N JFET 
CL N JFET 
CL N JFET 
CL N JFET 
CL N JFET 


CL N JFET 
CL N JFET 
P JFET 
P JFET 
P JFET 


P JFET 
P JFET 
P JFET 
P JFET 
P JFET 


P JFET 
P JFET 
P JFET 
P JFET 
P JFET 


P JFET 
P JFET 
P JFET 
P JFET 
P JFET 


N JFET 
N JFET 
N JFET 
N JFET 
N JFET 


CRO22 
CRO24 
CRO27 
CRO30 
CRO33 


CRO39 
CR043 
CR047 
CRO56 
CR062 


CRO68 
CRO75 
CRO82 
CRO91 
CR100 


CR110 
CR120 
CR130 
CR140 
CR150 


CR160 
CR180 
CR200 
CR220 
CR240 


CR270 
CR300 
CR330 
CR360 
CR390 


CR430 
CR470 
2N2608 
2N2609 
2N3329 


2N3330 
2N3331 
2N3332 
2N2608 
2N2608JAN 


2N2608 
2N2608JAN 
2N2608 
2N2608JAN 
2N2609 


2N2609JAN 
2N3329 
2N3329 
2N3329 
2N2608 


2N4340 
2N4338 
2N4338 
2N4341 
2N4339 


1-2 


2N3071 
2N3084 
2N3085 
2N3086 
2N3087 


2N3088 
2N3088A 
2N3089 
2N3089A 
2N3113 


2N3277 
2N3278 
2N3328 


2N3329 


2N3330 


2N3331 
2N3332 
2N3365 
2N3366 
2N3367 


2N3368 
2N3369 
2N3370 
2N3376 
2N3378 


2N3380 
2N3382 
2N3384 
2N3386 
2N3436 


2N3437 
2N3438 
2N3452 
2N3453 
2N3454 


2N3455 
2N3456 
2N3457 
2N3458 
2N3459 


2N3460 
2N3574 
2N3575 
2N3578 
2N3608 


2N3684 
2N3685 
2N3686 
2N3687 
2N3819 


2N3820 
2N3821 
2N3822 
2N3823 
2N3824 


N JFET 
N JFET 
N JFET 
N JFET 
N JFET 


N JFET 
N JFET 
N JFET 
N JFET 
P JFET 


P JFET 
P JFET 
P JFET 
RURET 
P JFET 


P JFET 
P JFET 
N JFET 
N JFET 
N JFET 


N JFET 
N JFET 
N JFET 
P JFET 
P JFET 


P JFET 
P JFET 
P JFET 
P JFET 
N JFET 


N JFET 
N JFET 
N JFET 
N JFET 
N JFET 


N JFET 
N JFET 
N JFET 
N JFET 
N JFET 


N JFET 
P JFET 
P JFET 
P JFET 
P MOS ENH 


N JFET 
N JFET 
N JFET 
N JFET 
N JFET 


P JFET 
N JFET 
N JFET 
N JFET 
N JFET 


2N4338 
2N4341 
2N4341 
2N4341 
2N4341 


2N4339 
2N4339 
2N4339 
2N4339 
2N3329 


2N2608 
2N2608 
2N3438 
2N3329 
2N3330 


2N3331 
2N3332 
2N4340 
2N4338 
2N4338 


2N4341 
2N4340 
2N4339 
2N3329 
2N3330 


2N3331 
2N3382 
2N3384 
2N3386 
2N4341 


2N4341 
2N4341 
2N4340 
2N4338 
2N4338 


2N4340 
2N4338 
2N4338 
2N4341 
2N4341 


2N4340 
2N3329 
2N3329 
2N2608 
3N163 


2N4339 
2N4339 
2N4340 
2N4341 
2N3819 


J270 

2N3821 
2N3822 
2N3823 
2N3824 


4-10, 4-27 


4-42 
4-29 
4-29 
4-29 
4-29 
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Siliconix 


Industry Type and Recommended Pie Geometry Industry Type and Recommended are Geometry 
Part Number __ Classification Replacement Page Page Part Number Classification Replacement Page Page 

2N3909 P JFET 2N2608 2N4340 N JFET 2N4340- 

2N3909A 2N3909 2N4341 N JFET 2N4341 

2N3921 2N3921 - 2N4352 P MOS ENH 3N163 

2N3922 2N3922 - 2N438 P JFET 2N2609 

2N3954 2N3954 - - 2N4382 P JFET 2N5115 

2N3954A 2N3954A - 2N4391 N JFET 2N4391 

2N3955 2N3955 : 2N4392 N JFET 2N4392 

2N3955A 2N3955A - > 2N4393 N JFET 2N4393 

2N3956 2N3956 . 2N4416 N JFET 2N4416 

2N3957 2N3957 2N4416A N JFET 2N4416A 

2N3958 2N3958 7 4- 2N4445 N JFET 2N5432 

2N3966 2N3966 c - 2N4446 N JFET 2N5433 

2N3967 2N4221 2N4447 N JFET 2N5432 

2N3967A 2N4221 2N4448 N JFET 2N5433 

2N3968 2N4339 2N4856 N JFET 2N4856 4-4 

2N3968A 2N4339 2N4856A N JFET 2N4856A 4-4 

2N3969 2N4339 2N4856JAN N JFET 2N4856JAN 4-4 

2N3969A 2N3686 2N4856JANTX N JFET 2N4856JANTX 4-4 

2N3970 2N3970 2-11 2N4856JANTXV N JFET 2N4856JANTXV 4-4 

2N3971 2N3971 -11 2N4857 N JFET 2N4857 4-4 

2N3972 2N3972 “ 2N4857A N JFET 2N4857A 4-4 

2N3993 2N3386 2N4857JAN N JFET 2N4857JAN 4-4 

2N3993A 2N3386 2N4857JANTX N JFET 2N4857JANTX 4-4 

2N3994 2N3382 2N4857JANTXV NN JFET 2N4857JANTXV 4-4 

2N3994A 2N3382 2N4858 N JFET 2N4858 4-4 

2N4084 DN JFET 2N4084 3 - 2N4858A N JFET 2N4858A 4-4 

2N4085 DN JFET 2N4085 2 2N4858JAN N JFET 2N4858JAN 4-4 

2N4091 N JFET 2N4091 ‘ 2N4858JANTX  N JFET 2N4858JANTX 4-4 

2N4091A N JFET 2N4091 2N4858JANTXV NN JFET 2N4858JANTXV 4-4 

2N4092 N JFET 2N4092 : 2N4859 N JFET 2N4859 4-4 

2N4092A N JFET 2N4092 2N4859A N JFET 2N4859A 4-4 

2N4093 N JFET 2N4093 : 2N4859JAN N JFET 2N4859JAN 4-4 

2N4093A N JFET 2N4093 2N4859JANTX  N JFET 2N4859JANTX 4-4 

2N4117 N JFET 2N4117 i - 2N4859JANTXV NN JFET 2N4859JANTXV 4-4 

2N4117A N JFET 2N4117A : : 2N4860 N JFET 2N4860 4-4 

2N4118 N JFET 2N4118 ; = 2N4860A N JFET 2N4860A 4-4 

2N4118A N JFET 2N4118A 2N4860JAN N JFET 2N4860JAN 4-4 

2N4119 N JFET 2N4119 ? : 2N4860JANTX  N JFET 2N4860JANTX 4-4 

2N4119A N JFET 2N4119A 2 = 2N4860JANTXV N JFET 2N4860JANTXV 4-4 

2N4120 P MOS ENH 3N163 2N4861 N JFET 2N4861 4-4 

2N4139 N JFET 2N3822 2N4861A N JFET 2N4861A 4-4 

2N4220 N JFET 2N4220 : - 2N4861JAN N JFET 2N4861JAN 4-4 

2N4220A N JFET 2N4220A = 2N4861JANTX N JFET 2N4861JANTX 4-4 

2N4221 N JFET 2N4221 - 2N4861JANTXV N JFET 2N4861JANTXV 4-4 

2N4221A N JFET 2N4221A ae - 2N4867 N JFET 2N4867 4-31 

2N4222 N JFET 2N4222 a - 2N4867A N JFET 2N4867A 

2N4222A NJFET. 2N4222A 2N4868 N JFET 2N4868 

2N4223 N JFET 2N4223 2N4868A N JFET 2N4868A 

2N4224 N JFET 2N4224 ; - 2N4869 N JFET 2N4869 

2N4267 P MOS ENH 3N163 2N4869A N JFET 2N4869A 

2N4302 N JFET PN4302-18 2N4977 2N5432 ) 

2N4303 N JFET PN4303-18 2N4978 2N5433 4 

2N4304 N JFET PN4304-18 2N4979 2N5434 0) 

2N4338 N JFET 2N4338 ou = 2N5018 2N5018 0 

2N4339 N JFET 2N4339 : : 2N5019 2N5019 5 
x 


FET Cross Reference and Index (cont’d.) i gyre 


d eneat Geometry Industry Type and Recommended 28t@ Geometry 

p bd Page Part Number __ Classification Replacement Sheet Page 
age Page 

2N5020 P JFET 2N3329 2N5484 2N5484 

2N5021 P JFET 2N2608 2N5485 2N5485 

2N5033 P JFET 2N2608 2N5486 2N5486 

2N5045 DN JFET 2N5045 = - 2N5515 2N5515 

2N5046 DN JFET 2N5046 - 2N5516 2N5516 


Industry Type and Recommende 
Part Number __ Classification Replacement 


2N5047 DN JFET 2N5047 A 2N5517 2N5917 
2N5103 N JFET 2N4416 2N5518 2N5518 
2N5104 N JFET 2N4416 2N5519 2N5519 
2N5105 2N4416 2N5520 2N5520 
2N5114 2N5114 - 2N5521 2N5521 


2N5115 2N5115 < , 2N5522 2N5522 
2N5116 2N5116 f . 2N5523 2N5523 
2N5158 2N5434 2N5524 2N5524 
2N5159 2N5433 2N5545 2N5545 
2N5196 2N5196 i 2 2N5546 2N5546 


2N5197 2N5197 : i 2N5547 2N5547 
2N5198 2N5198 : 2N5549 2N4392 
2N5199 2N5199 ‘ : 2N5561 U401 
2N5245 PN4416 2N5562 U402 
2N5246 J305-18 2N5563 U404 
2N5564 2N5564 
2N5247 J304-18 
2N5248 2N5486 2N5565 2N5565 
2N5257 2N5457 2N5566 2N5566 
2N5258 2N5458 2N5592 2N3822 
2N5259 2N5459 2N5593 2N3822 
2N5594 2N3822 
2N5265 2N2608 
2N5266 2N2608 2N5638 2N5638 
2N5267 2N2608 2N5639 2N5639 
2N5268 2N2608 2N5640 2N5640 
2N5269 2N3331 2N5647 2N4117A 
2N5648 2N4117A 
2N5270 2N3331 
2N5358 2N4340 2N5649 2N4117A 
2N5359 2N4340 2N5797 2N2608 
2N5360 2N4339 2N5798 2N2608 
2N5361 2N4339 2N5799 2N2608 
2N5800 2N2608 
2N5362 2N4339 
2N5363 2N4222A 2N5801 2N4393 
2N5364 9N4224 2N5802 2N4393 
2N5391 2N4867A 2N5803 2N4392 
2N5392 2N4868A 2N5902 2N5902 


2N5903 2N5903 
2N5393 2N4869A 
2N5394 2N4869A 2N5904 2N5904 
2N5395 2N4869A 2N5905 2N5905 


2N5906 2N5906 
2N5396 2N4869A 
2N5397 U310 2N5907 2N5907 


2N5908 2N5908 


2N5398 U312 2N5909 2N5909 
2N5432 2N5432 - - 9N5911 2N5911 


2N5433 2N5433 s 2N5912 2N5912 


2N5434 2N5434 ; 2N5949 PN4416 
2N5452 2N5452 ; ; 2N5950 PN4416 


2N5453 DN JFET 2N5453 : 2N5951 PN4416 
2N5454 DN JFET 2N5454 : - 2N5952 J305 
2N5457 N JFET 2N5457 : : 2N5953 J305 


mrp 
w w 


wOwowm wWwwww 
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2N5458 N JFET 2N5458 4 - 2N6451 2N4393 


2N5459 


N JFET 


2N5459 
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2N6452 


2N4393 


FET Cross Reference and Index (cont’d.) Ss 


Siliconix 


industry Type and Recommended ln Geometry Industry Type and Recommended alot 
Part Number Classification Replacement Page Page PartNumber Classification Replacement Pane 

2N6453 2N4393 » 2N4392 
2N6454 2N4393 2N3821 
2N6483 U401 2N3821 
2N6484 U402 2N4416 
2N6585 U404 2N3954 
2N6568 U290 2N3955 
2N6656 2N6656 2N3956 
2N6657 2N6657 2N3957 
2N6658 2N6658 2N3958 
2N6659 2N6659 2N4869 
2N6660 2N6660 2N4091 
2N6661 2N6661 2N4392 
3N145 3N163 2N4220 
3N146 3N163 2N4220 
3N155 3N163 2N4224 
| 3N155A P MOS ENH 3N163 2N4860 
3N156 P MOS ENH 3N163 2N3822 
3N156A P MOS ENH 3N163 2N4416 
3N157 P MOS ENH 3N163 PN4416 
3N157A P MOS ENH 3N163 2N4340 
3N158 P MOS ENH 3N163 2N4340 
3N158A P MOS ENH 3N163 2N4341 
3N163 P MOS ENH 3N163 - 2N4340 
3N164 P MOS ENH 3N164 - 2N4341 
3N174 P MOS ENH 3N163 2N4340 
14T N JFET 2N3819 2N3822 
142T N JFET PN4392 2N3821 
158T N JFET PN4302 2N3821 
159T N JFET PN4416 2N4224 
100S N JFET PN4304 2N3822 
100U N JFET 2N3684 2N4341 
102M N JFET 2N5486 2N4340 
102S N JFET 2N4302 2N4222 
103M N JFET 2N5457 2N3821 
103S N JFET 2N5459 2N4220 
104M N JFET 2N5458 2N4222 
105M N JFET 2N5459 2N4340 
105U N JFET 2N4222 2N3823 
N JFET 2N5485 2N3823 
N JFET 2N5486 2N3955 
N JFET 2N4339 2N3955 
N JFET 2N5546 
N JFET 2N4340 2N5546 
N JFET 2N4339 2N3687 
N JFET 2N4341 2N3686 
N JFET 2N4339 2N3686 
2N4416 2N5545 
2N4391 2N5546 
2N3823 2N5452 
2N4338 2N3955 
2N4340 2N3956 

ee a : 

2N3824 2N3958 0 

2N4391 2N3958 9 

me 
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FET Cross Reference and Index (cont’d.) Bcf 


Siliconix 


Data Geometry Industry Type and Recommended 8t@ Geometry 


Industry Type and Recommended 


PartNumber Classification Replacement Sheet 


iconix 


2148U 
2149U 
A5T3821 
A5T3822 
A5T3823 


A5T3824 
A192 
AD830 
AD831 
AD832 


AD833 
AD833A 
AD835 
AD836 
AD837 


AD838 
AD839 
AD840 
AD841 
AD842 


AD3954 
AD3954A 
AD3955 
AD3956 
AD3957 


AD3958 
BC264 

BC264A 
BC264B 
BC264C 


BC264D 
BFR45 
BFS21 
BFS21A 
BFS67 


BFS67P 
BFS68 
BFS68P 
BFS70 
BFS71 


BFS72 
BFS73 
BFS74 
BFS75 
BFS76 


BFS77 
BFS78 
BFS79 
BFS80 
BFW10 


BFW11 
BFW54 
BFW55 
BFW56 
BFW61 


DN JFET 


Page 


2N3958 
2N3958 
J305 
J305 
PN4416 


J302-18 
2N4416 
U421 
U421 
U422 


U426 
U423 
2N3921 
2N3921 
2N3922 


2N4085 
2N4085 
2N5196 
2N5197 
2N5199 


2N3954 
2N3954A 
2N3955 
2N3956 
2N3957 


2N3958 
PN4304 
PN4302 
PN4304 
PN4304 


PN4416 
2N4416 
2N5199 
2N5199 
2N3821 


2N4303 
2N3823 
PN4416 
2N3821 
2N3822 


2N3823 
2N3821 
2N4856 
2N4857 
2N4858 


2N4859 
2N4860 
2N4861 
2N4416A 
2N3823 


2N3822 
2N3822 
2N3822 
2N4869 
2N4224 
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BSV22 
BSV78 
BSV80 
C413N 
C673 


C674 
C680 
C680A 
C681 
C681A 


C682 
C682A 
C683 
C683A 
C684 


C684A 
C685 

C685A 
C6690 
C6691 


C6692 

CM600 
CM601 
CM602 
CM603 


CM640 
CM641 
CM642 
CM643 
CM644 


CM645 
CM646 
CM647 
CM650 
CM651 


CM652 
CM653 
CM697 
CM800 
CMX740 


CP640 
CP643 
CP650 
CP651 
CP652 
CP653 


N JFET 
N JFET 
N JFET 
N JFET 
N JFET 


N JFET 
N JFET 
N JFET 
N JFET 
N JFET 


N JFET 
N JFET 
N JFET 
N JFET 
N JFET 


N JFET 
N JFET 
N JFET 
N JFET 
N JFET 


N JFET 
N JFET 
N JFET 
N JFET 
N JFET 


N JFET 
N JFET 
N JFET 
N JFET 
N JFET 


N JFET 
N JFET 
N JFET 
N JFET 
N JFET 


N JFET 
N JFET 
N JFET 
N JFET 
N JFET 


N JFET 
N JFET 
N JFET 
N JFET 
N JFET 
N JFET 


Page Part Number Classification Replacement sta Page 


2N4416 
2N4856A 
2N4858A 
2N5434 
2N4341 


2N4341 
2N4338 
2N4338 
2N4338 
2N4338 


2N4339 
2N4339 
2N4339 
2N4339 
2N4220 


2N4220 
2N4220 
2N4220 
2N4341 
2N4341 


2N4340 
2N4092 
2N4091 
2N4091 
2N4091 


2N4093 
2N4093 
2N4093 
2N4092 
2N4092 


2N4092 
2N4092 
2N4091 
2N5432 
2N5433 


2N5432 
2N5433 
2N5434 
2N5434 
U290 


U296 
2N5434 
U322 
U320 
U322 
U320 


CRO22 Thru CR470 Referenced Under 1N Series 


CRRO240-4300 
DNS564-66 
DN5567 
DPAD1 

DPAD2 

DPAD5S 


CL N FET 
DN JFET 
DN JFET 
D PAD N JFET 
D PAD N JFET 
D PAD N JFET 


CRR0240-4300 
DN5564-66 
DN5567 
DPAD1 

DPAD2 
DPADS 


FET Cross Reference and Index (cont’d.) Ss 


Siliconix 


Data Data 


Industry 
Part Number 


DPAD10 
DPAD20 
DPAD50 
DPAD100 
DU4339 


DU4340 


Type and 
Classification 


DN JFET 
DN JFET 
DN JFET 
DN JFET 
N JFET 


PA 
PA 
PA 
PA 


D 
D 
D 
D 
D 


DN JFET 


Recommended 
Replacement 


DPAD10 
DPAD20 
DPADSO 


DPAD100 


U235 
U235 


Industry 
Part Number 


Type and 
Classification 


CL N JFET 
CL N JFET 
CL N JFET 
CL N JFET 
CL N JFET 


CL N JFET 


Recommended 
Replacement 


J203-18 CL N JFET 
J201-18 CL N JFET 
J202-18 DD N JFET 
J105-18 EPAD100 DD N JFET JPAD100 


J105-18 EPAD200 DD N JFET JPAD200 
J106-18 EPADS00 DD N JFET JPAD500 
J107-18 FE100 N JFET 2N3821 
J108-18 FE100A N JFET 2N3821 
J109-18 FE102 N JFET 2N4119 


J110-18 FE102A N JFET 2N4119 
J111-18 FE104 N JFET 2N4118 
J112-18 FE104A N JFET 2N4118 
J113-18 FE200 N JFET 2N3821 
J114 FE202 N JFET 2N3821 


J174-18 FE204 N JFET 2N3821 
J175-18 FE300 N JFET 2N3822 
J176-18 FE302 N JFET 2N3821 
J177-18 FE304 N JFET 2N3821 
J201-18 FEO654A N JFET 2N5486 


J202-18 FEO654B N JFET 2N5485 
J203-18 FE3819 N JFET 2N3819 
J204-18 FES457 N JFET 2N5457 
J210 FE5458 N JFET 2N5458 
J211 FE5459 N JFET 2N5459 


J212 FE5484 N JFET 2N5484 
J230-18 FE5485 2N5485 
J231-18 FE5486 2N5486 
J232-18 FM3954 2N3954 
J270-18 FM3954A 2N3954A 


J271-18 
J300 
J304 
J305 
J308 


FM3955 2N3955 
FM3955A 2N3955A 
FM3956 2N3956 
FM3957 2N3957 
FM3958 2N3958 


J309 
J310 FN4117 FN4117 
U410 FN4117A FN4117A 
U411 FN4118 FN4118 
U410 FN4118A FN4118A 

FN4119 FN4119 
U410 


U4i1 FN4119A FN4119A 
U412 FN4392 FN4392 


U4it0 FN4393 
rar FN4393 3 


U412 FT0654A 2N5486 
U440 FT0654B 2N5486 
U441 FT0654C 2N4221 
U430 FT0654D 2N4221 
U431 FT 704 P MOS ENH 3N163 


KIuUoDI 
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FET Cross Reference and Index (cont’d.) 


Industry 
Part Number 


GET5457 
GET5458 
GET5459 
HDIG1030 
1D100 


1D101 
IMF3954 
IMF3954A 
IMF3955 
IMF3955A 


IMF3956 
IMF3957 
IMF3958 
iIMF6485 
1T100 


17101 
1T108 
IT109 
T1700 
T1702 


ITE500 
ITESO1 
ITE502 
ITESO3 
ITES504 


ITESO5 
ITE506 
ITE507 
ITE3066 
ITE3067 


ITE3068 
ITE4117 
ITE4118 
ITE4119 
ITE4338 


ITE4339 
ITE4340 
1TE4341 
ITE4391 
ITE4392 


ITE4393 
ITE4416 
ITE4867 
ITE4868 
ITE4869 


J105 
J105-18 
J106 
J106-18 
J107 


J107-18 
J108 
J108-18 
J109 
J109-18 


Type and 


Classification 


N JFET 

N JFET 

N JFET 

P MOS ENH 

D PAD N JFET 


PAD N JFET 
N JFET 


D 
D 
D 
D 
D 


P MOSENH 


CL N JFET 
CL N JFET 
CL N JFET 
CL N JFET 
CL N JFET 


CL N JFET 
CL N JFET 
CL N JFET 
N JFET 
N JFET 


N JFET 
N JFET 
N JFET 
N JFET 
N JFET 


N JFET 
N JFET 
N JFET 
N JFET 
N JFET 


N JFET 
N JFET 
N JFET 
N JFET 
N JFET 


N JFET 
N JFET 
N JFET 
N JFET 
N JFET 


N JFET 
N JFET 
N JFET 
N JFET 
N JFET 


Recommended 


Data 
Sheet 
Page 


Geometry 
Replacement Page 
2N5457 

2N5458 

2N5459 

3N163 

DPAD1 


DPAD10 
2N3954 
2N3954A 
2N3955 
2N3955A 


2N3956 
2N3957 
2N3958 
U405 

2N5116 


2N5114 
2N5486 
U310 
3N163 


J201-18 
2N4117 
2N4118 
2N4119 
J201-18 


J201-18 
J202-18 
J203-18 
PN4391-18 
PN4392-18 


PN4393-18 
PN4416 
J230-18 
J231-18 
J232-18 


J105 
J105-18 
J106 
J106-18 
J107 


J107-18 
J108 
J108-18 
J109 
J109-18 
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Industry 
Part Number 


J110 
J110-18 
J111 
J111-18 
J112 


J112-18 
J113 
J113-18 
J174 


J174-18 
J175 
J175-18 
J176 
J176-18 


J177 
J177-18 
J201 
J201-18 
J202 


J202-18 
J203 
J203-18 
J204 
J204-18 
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Siliconix 


Data 
Sheet 
Page 


Recommended 
Replacement 


Geometry 


J110 
J110-18 
J111 
J111-18 
J112 


J112-18 © 
J113 
J113-18 
J174 


J174-18 
J175 
J175-18 
J176 
J176-18 


J177 
J177-18 


J204 
J204-18 


J210 
J211 
J212 
J230 
J230-18 


J231 
J231-18 
J232 
J232-18 
J270 


J270-18 
J271 
J271-18 
J300 
J304 


J305 
J308 
J309 
J310 
U401 


U402 
U403 
U404 
U405 
U406 


U410 
U411 
U412 
J500 
J501 


FET Cross Reference and Index (cont’d.) 


5 


Siliconix 


Data 
Sheet 
Page 


Recommended 
Replacement 


Recommended 
Replacement 


Industry 
Part Number 


Type and 
Classification 


Geometry Industry 
Page Part Number 


Type and 
Classification 


JPAD10 
JPAD20 


JPADS0 
JPAD100 
JPAD200 
JPADS00 
J1401 


J1402 
J1403 
J1404 
J1405 
J1406 


J9100 

K210-18 
K211-18 
K212-18 


K300-18 
K304-18 
K305-18 
K308-18 
K309-18 


K310-18 
KE3684 
KE3685 
KE3686 
KE3687 


KE3823 
KE3970 
KE3971 
KE3972 
KE4091 


KE4092 
KE4093 
KE4220 
KE4221 
KE4222 


KE4223 
KE4224 
KE4391 
KE4392 
KE4393 


CL N JFET 
CL N JFET 
CL N JFET 
CL N JFET 
CL N JFET 


CL N JFET 
CL N JFET 
CLIN JFET 
CL N JFET 
CL N JFET 


CL N JFET 
CL N JFET 
CL N JFET 
CL .N JFET 
CLIN JFET 
CLIN JFET 


PAD N JFET 
PAD N JFET 
PAD N JFET 


PAD N JFET 
PAD N JFET 
PAD NJFET 
PAD N JFET 


JPAD10 
JPAD20 


JPADSO 
JPAD100 
JPAD200 
JPADS00 
U401 


U402 
U403 
U404 
U405 
U406 


J9100 
J210 


2N3687 


J304-18 

PN4391-18 
PN4392-18 
PN4393-18 
PN4391-18 


PN4392-18 
PN4393-18 
2N5457 
2N5457 
2N5459 


J304-18 
J304-18 
PN4391-18 
PN4392-18 
PN4393-18 


' 
NAANNN NANANNN 


atx 
on 
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KE4416 
KE4856 
KE4857 
KE4858 
KE4859 


KE4860 
KE4861 
KE5103 
KE5104 
KE5105 


KK4416-18 
LDF603 
LDF604 
LDF605 
M163 


M164 
MEM520 
MEM520C 
MEM5S61 
MEM561C 


MEM806 
MEM806A 
MFE823 
MFE2000 
MFE2001 


MFE2004 
MFE2005 
MFE2006 
MFE2007 
MFE2008 


MFE2009 
MFE2010 
MFE2011 
MFE2012 
MFE2093 


MFE2094 
MFE2095 
MFE4007 
MFE4008 
MFE4009 


MFE4010 
MFE4011 
MFE4012 
MK10 
MMF1 


MMF2 
MMF3 
MMF4 
MMF5 
MMF6 


MMT3823 
MPF102 
MPF103 
MPF104 
MPF105 


N JFET 
N JFET 
N JFET 
N JFET 
N JFET 


N JFET 
N JFET 
N JFET 
N JFET 
N JFET 


N JFET 
N JFET 
N JFET 
N JFET 
P MOS ENH 


P MOS ENH 
P MOS ENH 
P MOS ENH 
P MOS ENH 
P MOS ENH 


P MOS ENH 
P MOS ENH 
P MOS ENH 
N JFET 
N JFET 


N JFET 
N JFET 
N JFET 
N JFET 
N JFET 


N JFET 
N JFET 
N JFET 
N JFET 
N JFET 


N JFET 
N JFET 
P JFET 
P JFET 
P JFET 


P JFET 


PN4416 

PN4391-18 
PN4392-18 
PN4393-18 
PN4391-18 


PN4392-18 
PN4393-18 
J305 
J304 
J306 


PN4416 
2N4221A 
2N4221A 
2N4221A 
3N163 


3N164 
3N164 
3N164 
3N163 
3N163 


3N163 
3N163 
MFE823 
2N4416 
2N4416 


2N4093 
2N4092 
2N4091 
2N4860 
2N4859 


2N4859 
2N5434 
2N5433 
2N5432 
2N3687 


2N3686 
2N3685 
2N2608 
2N2608 
2N3329 


2N3330 
2N3330 
2N3331 
2N4416 
2N3921 


2N3921 
2N3921 
2N3921 
2N3921 
2N3921 


2N3823 
MPF102 
2N5457 
2N5458 
2N5459 
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FET Cross Reference and Index (cont’d.) 


Industry Type and Recommended Pah Geometry Industry Type and Recommended eee Geometry 
Part Number Classification Replacement Page Page Part Number Classification Replacement Bhoe Page 


MPF106 N JFET 2N5485 PAD10 PAD N JFET 


MPF107 N JFET 2N5486 PAD20 PAD N JFET PAD20 2-68 
MPF108 N JFET MPF108 2-63 4-10 PADS0 PAD N JFET PAD50 2-68 
MPF109 N JFET MPF109 2-64 4-27 PAD100 PAD N JFET PAD100 2-68 
MPF111 N JFET MPF111 ; 5 P1086 P JFET ~ P1086 2-67 4-42 


MPF112 N JFET MPF112 2-66 4-10 P1086-18 P JFET P1086-18 4-42 
MPF256 N JFET J309 P1087 P JFET P1087 2-67 4-42 
MPF820 N JFET U310 P1087-18 P JFET P1087-18 2-67 4-42 
MPF970 P JFET J174 PN4091 N JFET PN4091 2-69 4-4 
MPF971 P JFET J176 PN4092 N JFET PN4092 2-69 4-4 


MPF4391 N JFET PN4391- PN4093 N JFET PN4093 4-4 
MPF4392 N JFET PN4392-18 PN4117 N JFET PN4117 2-70 4-31 
MPF4393 N JFET PN4393-18 PN4117A N JFET PN4117A 2-70 4-31 
NF500 N JFET 2N4416 PN4118 N JFET PN4118 2-70 4-31 
NF501 N JFET 2N4416 PN4118A N JFET PN4118A 2-70 4-31 


NF506 N JFET 2N4416 PN4119 N JFET PN4119 2-70 4-31 
NF510 N JFET 2N4393 PN4119A N JFET PN4119A 2-70 4-31 
NF514 N JFET 2N4393 PN4120 N JFET PN4120 2-70 4-31 
NF520 N JFET 2N4339 PN4120A N JFET PN4120A 2-70 4-31 


NF521 N JFET 2N4339 


PN4302 N JFET PN4302 2-71 4-22 
PN4302-18 N JFET PN4302-18 2-71 4-22 


NF522 N JFET 2N4339 


NF523 N JFET 2N4340 PN4303 N JFET PN4303 onl 4-22 
NF530 N JFET 2N4341 PN4303-18 N JFET PN4303-18 2-71 4-22 
NF531 N JFET 2N4339 


NF532 N JFET 2N4341 


PN4304 N JFET PN4304 9-74 4-29 
PN4304-18 N JFET PN4304-18 9-74 4-29 
NFS33 MEER ah A339 PN4391 N JFET PN4391 0-72 ded 
Nee , tet Alesse PN4391-18 N JFET PN4391-18 0-72 aed 
PN4392 N JFET PN4392 ; 
NF582 N JFET 2N5433 u 4-4 
af 2N5434 
Meo ee bare 4 PN4392-18 N JFET PN4392-18 2372 aa 
F584 N JFET 2N5433 PN4393 N JFET PN4393 2-72 4-4 
ace N JFET 2N4859 PN4393-18 N JFET PN4393-18 2-72 4-4 
NF4302 N JEET 2N4302 PN4416 N JFET PN4416 2-73 4-11 
NF4303 N JFET 2N4303 PNS163 N JFET PN5163 


NF4304 N JFET 2N4304 


PF510 P JFET 2N5018 


NF4445 N JFET 2N5432 PFO P JFET 2N5014 
NF4446 N JFET 2N5433 $U2078 DN JFET U425 
NF4447 N JFET 2N5432 SU2079 DN JFET U425 
NF 4448 N JFET 2N5433 $U2098 DN JFET 2N5197 


NF5163 N JFET 2N5163 


NF5457 N JFET 9N5457 SU2098A DN JFET 2N5197 

$U2098B DN JFET 2N5196 
NF5458 N JFET 2N5458 

$U2099 DN JFET 2N5197 
NF5459 N JFET 2N5459 

SU2099A DN JFET 2N5197 
NF5484 N JFET 2N5484 SU 2365 DN JEET U401 
NF5485 N JFET 2N5485 


NF5486 N JFET 2N5486 SU2365A DN JFET U401 
NF5555 N JFET 2N5555 SU2366 DN JFET U402 
NF5638 N JFET 2N5638 SU2366A DN JFET U402 
NF5639 N JFET 2N5639 SU2367 DN JFET U403 
NF5640 N JFET 2N5640 SU2367A DN U403 


NF5653 N JFET 2N5653 SU2368 DN JFET U404 
NF5654 N JFET 2N5654 SU2368A DN JFET U404 
PAD1 PAD N JFET PAD1 2-68 SU2369 DN JFET U405 
PAD2 PAD N JFET PAD2 2-68 SU2369A DN JFET U405 
PADS PAD N JFET PADS 2-68 $U2410 DN JFET U424 
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Industry Type and Recommended batik Geometry Industry Type and Recommended ere Geometry 

Part Number __ Classification Replacement Page Page Part Number Classification Replacement ice: Page 

$U2411 U425 2N2609 

$U2412 U426 2N2609 

TD5902 2N5902 2N4857 

TD5902 2N5902 2N3824 

TD5902A 2N5902 2N4339 

TD5903 2N5903 2N4340 

TD5903A 2N5903 2N4341 

TD5904 2N5904 U200 

TD5904A 2N5904 U201 

TD5905 2N5905 U202 

TD5905A 2N5905 2N4391 

TD5906 2N5906 2N4391 

TD5906A 2N5906 U231 

TD5907 2N5907 U232 

TD5907A 2N5907 U233 

TD5908 2N5908 U234 

TD5908A 2N5908 U235 

TD5909 2N5909 2N5432 

TD5909A 2N5909 2N5433 

TD5911 2N5911 2N5432 

TD5911A 2N5911 2N5433 

TD5912 2N5912 2N5902 

TD5912A 2N5912 2N5906 

TIS14 2N4340 2N5903 

TIS25 U401 2N5907 

TIS26 U402 2N5904 

TIS27 U404 2N5908 

TIS41 2N4859 2N5905 

TIS58 J305-18 2N5909 

TIS59 U1837 2N4859 

TIS73 PN4391-18 2N4860 

TIS74 PN4392-18 2N4861 

THS/5 PN4393-18 U257 

TIS88 2N5486 2N4118A 

TIXS41 2N4859 2N4118A 

TIXS42 N JFET PN4393-18 2N4119A 

1™N4117 N JFET 2N4117 2N4119A 

TN4117A N JFET 2N4117A 2N4119A 

1™N4118 N JFET 2N4118 2N4119A 

TN4118A N JFET 2N4118A U231 

1™N4119 N JFET 2N4119 U231 

TN4119A N JFET 2N4119A U232 

TN4338 N JFET 2N4338 U232 

TN4339 N JFET 2N4339 U233 

TN4340 N JFET 2N4340 U234 

™N4341 N JFET 2N4341 U290 

TP5114 P JFET 2N5114 U291 

Beer P JFET 2N5115 U295 

TP5116 Prell 2N5116 U296 

U110 PREM 2N2608 2N5114 

U112 P JFET 2N2608 2N5115 

U133 PFET 2N2608 U304 ty) 

U146 P JFET 2N2608 U305 — 

U147 Peel 2N2608 U306 0 

U148 P JFET 2N2608 U308 0 
2) 
x 
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FET Cross Reference and Index (cont’d.) 


Industry 
Part Number 


Type and 
Classification 


Data 
Recommended Sheet Geometry 


Replacement Page Page 


U309 
U310 
U311 
U290 


U291 
U290 
U401 
U402 
U403 


U404 
U405 
U406 
U410 
U411 


U412 
U421 
U422 
U423 
U424 


U425 
U426 
U427 
U428 
U430 


U431 
440 
U441 
U443 
U444 


CR030 
2N4220A 
2N3821 
2N3821 


2N4221A 
2N4220A 
2N3821 
2N4339 
2N4339 


2N4340 
2N4339 
2N3822 
2N4341 
2N4340 


2N4341 
2N4220 
2N4341 
2N4092 
2N3966 


2N4221A 
2N4221A 
2N4220A 
2N4222 
2N3821 


Industry 
Part Number 


U1421 
U1422 
U1714 
U1837E 


U1897 
U1897-18 
U1897E 
U1898 
U1898-18 


U1898E 
U1899 
U1899-18 
U1899E 


U1994E 
U2047E 
U3000 
U3001 
U3002 


U3010 
U3011 
U3012 
UC20 
UC40 


UC41 

UC100 
UC110 
UC115 
UC120 


UC130 
UC155 
UC200 
UC201 
UC210 


UC220 
UC240 
UC241 
UC250 
UC251 


UC300 
UC310 
UC320 
UC330 
UC340 


UC400 
UC401 
UC410 
UC420 
UC450 


UC451 
UC588 
UC703 
UC704 
UC705 
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Data 
Sheet 
Page 


Recommended 
Replacement 


Geometry 
Page 


2N3822 
2N3822 
2N4340 
U1837 


U1897 
U1897-18 
U1897-18 
U1898 
U1898-18 


U1898-18 
U1899 

U1899-18 
U1899-18 


U1994 

PN4416 
2N4341 
2N4339 
2N4338 


2N4341 
2N4340 
2N4338 
2N4341 
2N2608 


2N2608 
2N4339 
2N4339 
2N4340 
2N3686 


2N4341 
2N4416 
2N3824 
2N3824 
2N4416 


2N3822 
2N4869 
2N4869 
2N4091 
2N4392 


2N2608 
2N2843 
2N2843 
2N2843 
2N2843 


2N3331 
2N5116 
2N3330 
2N3329 
2N5114 


2N5116 
2N4417 
2N4220 
2N4220 
2N4224 


FET Cross Reference and Index (cont’d.) gs 


Siliconix 


Industry Type and Recommended 288 Geometry Industry Type and Recommended 28t@ Geometry 


Part Number __ Classification Replacement alate Page Part Number __ Classification Replacement Pane Page 


UC707 N JFET 2N4860 UC2130 2N5452 
UC714 N JFET 2N3822 UC2132 2N3955 
UC714E N JFET J203-18 UC2134 2N3956 
UC734 N JFET 2N4416 UC2136 2N3957 
UC734E N JFET PN4416 UC2138 2N3958 


UC751 N JFET 2N4340 UC2139 2N3958 
UC752 N JFET 2N4340 UC2147 . 2N3958 
UC753 N JFET 2N4341 UC2148 2N3958 
UC754 N JFET 2N4340 UC2149 2N3958 
UC755 N JFET 2N4341 VCR2N VCR2N 


UC756 N JFET 2N4340 VCR3P VCR3P 
UC805 P JFET 2N3331 VCR4N VCR4N 
UC807 N JFET 2N4860 VCRSP VCRSP 
UC814 P JFET 2N3331 VCR6P 2N5116 
UC851 P JFET 2N2608 VCR7N VCR7N 


UC853 P JFET 2N2608 VCR11N VCR1I1N 
UC854 P JFET 2N2608 WK5457 2N5457 
UC855 P JFET 2N2609 WK95458 2N5458 
UC1700 P MOS ENH 3N163 WK5459 2N5459 
UC1764 P MOS ENH 3N163 
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product information Ss 


Siliconix products are divided into three basic categories: Siliconix 


Standard Products, Modified Standard Products, Custom Products 


® Standard Products All the part numbers described in this catalog are standard products. A summary list of the 
prefixes used is shown below in the Device Identification Table. Ordering any of the stand- 
ard products is easily done by referring to the data sheet part number. For example, a 
2N4391 is simply ordered by that number: ‘’2N4391.”’ It will also appear in that form on 
the price lists, published separately. 


= Examples of Modified Standard Products are: 


Electrical Specials Devices with either tightened, relaxed and/or special electrical specifications selected from 
a standard product. 


Mechanical Specials Devices with standard or modified electrical specifications mounted in non-standard pack- 
ages or modified (lead formed) standard packages. Modifications and/or additions to stand- 
ard marking are also considered mechanical specials. 


High Reliability Specials — Siliconix has a number of standard High-Reliability screening options that can be ordered 
as standard products. These options include MIL-STD-750B. High-Rel process option de- 
tails will be found in the introductory section of this data book. In addition, Siliconix 
offers certain JEDEC-registered FETs with JAN, JANTX, or JANTXV processing. Refer to 
any current Siliconix OEM price list for details on specific part numbers. If existing screen- 
ing processes do not meet individual customer requirements, Siliconix can provide special 
additional inspections and controls to meet the stringent demands. 


In all of the above cases (with the exception of JAN, JANTX, or JANTXV parts), a special part number is assigned 
which defines the part either by reference to customer's print(s) or by associated special requirements. Each special 
product is proprietary to the customer, and is not made available to other customers. 


= Custom Products Are designed to meet customer requirements not realizable by selection from standard 
parts; usually, these products require special engineering development. The proprietary re- 
lationship described above also applies to custom products. 


Inquiries for SPEC/AL DEVICES may be directed to the nearest field sales office or to: 


FET Marketing Department, Siliconix incorporated, 2201 Laurelwood Road, Santa Clara, California 95054, 
Telephone: (408) 988-8000. 


FETs/Part Number Prefixes and Suffixes 


Prefix XXX XXXX 
CR Si Standard N-Channel Current Regulator 
CRR Si Standard N-Channel 
Current Regulator 
DPAD Si Standard Dual JFET Diode 
DN Special N-Channel 
Dual FET (Also Standard Offering) 
FN Special N-Channel JFET Special N-Channel JFET 
(Also Standard Offering) 
J Si Standard TO-92 Cased FET Special TO-92 Cased FET 
JPAD Si Standard TO-92 Cased JFET Diode (Also Standard Offering) 
M Si Standard MOSFET 
MEM Si Standard MOSFET 
MU Special MOSFET 
(Also Standard Offering) 
PAD Si Standard JFET Diode 
PF Special P-Channel JFET (Also Standard Offering) 
PN Si Standard TO-92 Cased FET 
SU Special P-Channel JFET 
(Also Standard Offering) 
U Si Standard FET Si Standard FET 
VCR Si Standard N- and P-Channel 
Voltage Controlled Resistors 
VMP VMOS Power FET N-Channel 
VN VMOS Power FET N-Channel 
2N JEDEC-Registered Device 
3N JEDEC-Registered Device 
-18 Std TO-92 Package with Center Lead Formed Toward Flat of TO-92 Package 


The above prefix list does not include some second source products supplied by Siliconix. Refer to FET Cross Reference 


and Index or current price list for availability of these devices. 


LEVEL 1* 
MIL-STD-750B (modified) 


Visual: 


Pre Cap Visual: 
Industrial 


Stabilization Bake: 
Mil-Std-750, M1031 
24 Hrs. at Ta = 200°C 


Temperature Cycle: Mil-Std-750 
M1051 —65 to 200°C for 10 cycles— 
15 min. temp. extremes 


Centrifuge: Mil-Std-750, 


M2006 Y1 Axis 30K G’s 


Fine Leak: Mil-Std-750 
M1071 Cond G/H 1X 1078 
ATM - cc/sec 


Gross Leak: Mil-Std-750, 
M1071 Cond C 


Electrical Test: 
100% to Selected 25°C 
Data Sheet Parameters 


Burn-in (High Temperature 
Reverse Bias): VGS = .8 x BVGSS(min) 
Mil-Std-750, M1039 
Ta = 150°C. T = 168 hrs. 


Electrical Test 
100% +0 Selected 25°C. 
Data Sheet Parameters 


Group A 
25° DCLTPD=5,C=1 
High Temp LTPD = 10,C=1 
Low Temp LTPD = 10, C=1 
25°C AC LTPD = 10.C =1 


External Visual: Mil-Std-750, 
M2071 LTPD = 10 


*Level 1 offers cost savings over Level 2. 


process option flow chart 


MIL-STD-750B 
Visual: 


Preseal Visual: 
Mil-Std-750, M2072 


Stabilization Bake: 
Mil-Std-750, M1031 
24 Hrs. at Ta = 200°C 


Temperature Cycle: Mil-Std-750 


M1051 —65 to 200°C for 10 cycles— 


15 min. temp. extremes 


Centrifuge: Mil-Std-750, 
M2006 Y1 Axis 30K G’s 


Fine Leak: Mil-Std-750 
M1071 Cond G/H 1X 10-8 
ATM - cc/sec 


Gross Leak: Mil-Std-750, 
M1071 Cond C 


Electrical Test: 
100% to Selected 25°C 
Data Sheet Parameters 


Burn-in (High Temperature 


Reverse Bias): VGS = .8 x BVGSS 


Mil-Std-750, M1039 
Ta = 150°C. T = 168 hrs. 


Electrical Test 
100% +0 Selected 25°C. 
Data Sheet Parameters 


Group A 
25° DC LTPD =5,C=1 
High Temp LTPD = 10, C= 1 
Low Temp LTPD = 10, C=1 
25°C AC LTPD=10.C=1 


External Visual: Mil-Std-750, 
M2071 LTPD = 10 


1-15 


LEVEL3 
HERMETIC PACKAGE 


Visual: 


Pre Cap Visual: 
Industrial 


Stabilization Bake: 
Mil-Std-750, M1031 
24 Hrs. at Ta = 150°C 


LTPD = 10 


Temperature Cycle: Mil-Std-750 
M1051 — 65 to 200°C for 10 cycles 
15 min. temp. extremes 


Fine Leak: Mil-Std-750 
M1071 Cond. G/H 1X 10-8 
ATM - cc/sec 


Gross Leak: Mil-Std-750, 
M1071 Cond. C 


Electrical Test 
100% to Selected 25°C 
Data Sheet Parameters 


QC 25°C. Electrical: 
0.65% AQL 
Data Sheet Parameters 


External Visual: 
Mil-Std-750, M2071 
LTPD = 10 
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LEVEL 4 
PLASTIC PACKAGE 


Visual: 


Pre Cap Visual: 
Industrial AQL = 1.5% 


Stabilization Bake: 
Mil-Std-750, M1031 
24 Hrs. at Ta = 150°C 


Electrical Test: 
100% to Selected 25°C 
Data Sheet Parameters 


QC 25°C. Electrical: 
0.65% AQL 
Data Sheet Parameters 


External Visual 
M2071 LTPD = 20. 
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Additional Product Options for European Customers 


CECC 50 000 


CECC 50 000 is a European system of continuous product assessment intended to produce electronic components of 
assessed quality to specifications and procedures which conform to internationally recognized standards. Components 
produced under the system are accepted by all participating countries without further testing being necessary. 


At this time, member countries of the CECC are Belgium, Denmark, Germany, France, Ireland, Italy, the Netherlands, 
Norway, Sweden, Switzerland and the United Kingdom. 


Under this assessment scheme, devices are manufactured on an approved line to nationally approved specifications 
written in accordance with CECC rules. The manufacturer must comply with defined standards relating to organization, 
facilities and quality control procedures. 


Specific device types are individually qualified against a fixed detail specification which has been approved by the British 
Standards Institute acting as the national supervising agency on behalf of CECC. 


The CECC 50 000 scheme is administered in the UK by the BSI, and UK generated specifications are prefixed with the 
letters BS. 


A number of popular standard device types are now qualified and the following detail specifications are available: 


Type Number BS Specification 
2N3970/1/2 BS CECC 50012-001 
2N4091/2/3 BS CECC 50012-002 
2N4391/2/3 BS CECC 50012-004 
2N4856/7/8 BS CECC 50012-005 
2N4859/60/61 BS CECC 50012-005 
2N4856A/7A/8A BS CECC 50012-006 
2N4859A/60A/61A BS CECC 50012-006 
2N3821/2 BS CECC 50012-007 
2N3824 BS CECC 50012-008 
2N4220/1/2 BS CECC 50012-009 
2N4220/1A/2A BS CECC 50012-009 


Each of the approved types is now available with additional screening options, including high temperature reverse bias 
burn-in, of either 48, 72 or 168 hours duration. Screening details are appended to the detail specification and conform to 
appendix VI of the European Standard CECC 50 0000 ISSUE 3. 


Product is released with a BS CECC certificate of conformity and will have been submitted to: 

1. Group A sample inspection (lot by lot) 
quality assessment tests, assuring product conforms to electrical specification. 

2. Group B sample inspection (lot by lot) 
reliability tests, including package related tests and 168 hours electrical endurance, to identify potential early 
failures. 

3. Group C sample inspection (periodic—3 monthly) 
long term reliability tests including 1000 hours of high temperature storage and electrical endurance. 


Data from the inspection tests is available to the customer in the form of CTRs (certified test records). 


Manufacturing of BS CECC product is carried out at the Siliconix UK facility located in Morriston, Swansea SA6 6NE, 
South Wales 


In addition to BS CECC approved product, the Siliconix UK facility can provide internationally recognized high-reliability 
screening options on standard products. These include Mil-750B and custom screening options. 


JAN, JANTX or JANTXV processing for certain JEDEC-registered FETs can also be supplied. 
For additional information, enquiries may be directed to the nearest field sales office. 


Die Process Information Ss 


Siliconix is a large volume supplier of die to the hybrid industry. Both military and industrial grades are Siliconix 
available. Screening includes 100% DC electrical probe and 100% visual inspection of each die. 


Physical Data 


@ Physical layout and dimensions are presented in the die topography section. 
@ Each die is passivated with approximately 8,000 angstroms of non-crystalline glass. 
@ All die are gold backed. Gold backing is approximately 1,500 angstroms thick. 
@ Die metallization is deposited aluminum approximately 12,000 angstroms thick. 
@ Standard thickness 0.008 + 0.002 
Die Screening Criteria 
Electrical Probe — Die are 100% probed in wafer form at 25°C to DC criteria and gg, (1KHz) where applicable. 


Visual Criteria — Die are supplied with 100% visual sort to the criteria of MIL-STD-750 method 2072. 
LTPD — 20% on applicable parameters 


Assembly 


Chips supplied in waffle packs normally do not require cleaning. Wafers should be cleaned after sawing or scribing, 
and fracturing. 

Chips should be handled with a vacuum pick-up with protected tip or with tweezers gripping the. chip on its sides. 
When handling MOSFET chips, particularly non-gate protected types, steps must be taken to prevent damage by 
static discharge. In some extreme cases, handling precautions may be necessary for junction FET chips. 

Chips can be die attached either eutectically or by conductive epoxy when lower temperatures are necessary. Gold 
silicon eutectic occurs at temperatures between 385 C and 425°C. 

Bonding of wires from chip pads to posts can be achieved by thermocompression gold wire or ultrasonic aluminum 
wire bonded. 


Options 


SEM — Scanning electron microscope examination and control in accordance with MIL-STD-883 Method 2018 can be 
ordered on chips and wafers. 

Wafer qualification to unprobed parameters — sample testing of purchased chips to demonstrate capability to per- 
form at data sheet temperature extremes by use of LTPD techniques can be provided. 

Hot probe — Siliconix has a chip processor/distributor with hot probe capability available. 


Chip Packaging 


@ Chips are packaged as individual die in the flat waffle carrier illustrated in Figure 1. The carrier has a cavity size 
adequate to allow ease of loading/unloading and also prevents die from rotating within the cavity. 


@ Standard carrier 20 x 20 (400 die) 
Chip and Wafer Processing 


CARRIER TOP 


WAFER 


PROCESSING ue 


ELECTRICAL SAW 
VISUAL INSPECTION AND 


INSPECTION : FRACTURE yu MYLAR SHEET 
OPTION 
QC Sample 


100%, 
WAFER VISUAL Linc for 
CLASSIFICATION INSPECTION special testing 
AND 
ALLOCATION 20 eeges 
LENS PAPER 


ac 
VISUAL 
100% 
ELECTRICAL h 
PROBE 
= CARRIER DIE Sse 
LOADING 


VISUAL —S 
Se 


INSPECTION 


S 
<S 
LP 


PACKING AND SHIPPING <s in 
& gue 
eas 


NOTE: CARRIER TOP & BOTTOM SECURED BY CLIPS 
Figure 1 
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pc board layout and construction for low leakage 
applications 


In order to realize the full capability of these devices in cir- 
cuits that are sensitive to very low currents, considerable 
care should be exercised in PC board layout and construc- 
tion techniques. If proper care is not taken, board leakage 
currents can easily become much larger than the leakage cur- 
rents of the devices themselves, especially under conditions 
of high temperature and humidity. Excessive leakage currents 
can be produced by poor quality boards, socket leakage, poor 
board layout, imperfectly cleaned boards, or improperly 
applied or cured protective coatings. 


It is important to start with quality PC boards which have 
high resistivity and low susceptance to moisture. Boards of 
Teflon® or polycarbonate composition exhibit these at- 
tributes and are preferred. Glass-epoxy boards are less de- 
sirable because they will absorb moisture, and if used must 
be protected with a conformal coating. 


The use of sockets should be avoided wherever possible since 
the pin-to-pin isolation is often not great enough to prevent 
small leakage currents from occurring. These currents can 
significantly degrade device performance in low leakage 
applications. If sockets cannot be avoided use the highest 
quality available, preferably teflon. 


In laying out PC boards, care should be taken to keep pins 
and runs which are sensitive to very low currents away from 
pins and runs which will be at significantly higher or lower 
voltages. The most common leakage current problems occur 
between pins sensitive to low current levels and nearby pins 
at or near one of the supply voltages. Thus, if the isolation 
between critical pins and nearby high or low voltage pins is 
increased, leakage is minimized. 


Teflon® is a registered trademark of DuPont. 
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In order to reduce leakage currents, it is very important that 
all PC boards and experimental breadboards be thoroughly 
cleaned with a solvent after construction. A recommended 
procedure is to wash each board in an ultrasonic cleaning 
bath of alcohol, trichloroethylene, or some other commercial 
solvent, and to blow dry with compressed air. The purpose 
of this is to remove all skin oils (the greatest cause of leakage 
in improperly cleaned boards), solder fluxes, and other films 
and residues left over from the construction process which 
can cause gross leakage problems and erratic device behavior, 
especially at temperatures above 85°C. 


For best results, the thoroughly cleaned boards should be 
protected against dirt, conductive films, and humidity by 
the application of a conformal coating. Urethane and Dow 
Corning’s R-4-3117 Silicone are easy to use and offer suffi- 
cient protection under most operating conditions. Epoxy 
results in a more durable coating but care must be taken to 
insure that it is cured properly; an improperly cured layer of 
epoxy will make the high temperature leakage problem 
worse. Union Carbide’s Parylene also results in a relatively 
durable coating. 


The ultimate leakage protection method consists of printed 
circuit metalization guard rings driven from a low impedance 
buffer amplifier whose output is at the same potential as the 
pin being protected. This completely eliminates board sur- 
face leakage at critical pins by removing any difference in 
potential, but it is difficult to implement due to the extra 
buffer amplifier required and the tight PC board metaliza- 
tion spacings encountered. 
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p-channel JFETs 


designed for... 


= General Purpose Amplifiers 


* ABSOLUTE MAXIMUM RATINGS (25°C) 


Gate-Drain and Gate-Source Voltage (Note 3) 
Gate Current, Forward Biased (Note 1) 

Total Device Dissipation (Derate 2 mW/°C) 
Storage Temperature Range 


BS 
Siliconix 
Performance Curves PC PD 
See Section 4 


BENEFITS 
@ JAN Approved Version Available 


TO-18 
See Section 6 


*ELECTRICAL CHARACTERISTICS (25°C unless otherwise noted) 


2N2608 
Characteristic 


Gate Reverse Current 
(Note 2) 


Gate-Source Breakdown 
Voltage 


w 
i=) 


Gate-Source Cutoff 
Voltage’ 


Saturation Drain 
Current 


Common-Source 
Forward 
Transconductance 


Common-Source Input 
Capacitance 


~ 


Noise Figure 


as 
Ww 


0 
() 


* JEDEC Registered Data 


NOTES: 
1. Not JEDEC Registered 
2. IG@ss is JEDEC Registered at VGsg =5 V 


Test Conditions 


Ves =30V, Vps=0V 
Ves=5V, Vps= 9, Ta = 150°C 


Ig =1HA, Vps=0V 
Vps=-5V,Ip=1uUA 


Vps=-5V,VGgs=0V 


Vps=-5V,VG@s=0V 


Vps=-5 V, Vgg=1V f = 140 kHz 


Vps=-5V, Ves= 0, Rg = 1M Q f= 1kHz 


3. Due to symmetrical geometry, these units may be operated with source and drain leads interchanged. 
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2N3329 2N3330 2N3331 2N3332 
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p-channel JFETs 


designed for... 


= Small-Signal Amplifiers 
= Analog Multipliers 
= Modulators 


*ABSOLUTE MAXIMUM RATINGS (25°C) 


Gate-Drain and Gate-Source Voltage (Note 1) 
Gate Current 
Total Device Dissipation at (or below) 

25°C Free-Air Temperature (Note 2) 
Storage Temperature Range 
Lead Temperature 

(1/16” from case for 10 seconds) 


bay 


Performance Curves PC 
See Section 4 


BENEFITS 
@ Ease of Amplifier Design 
 Ipss & gf, Closely Specified 


TO-72 
See Section 6 


*ELECTRICAL CHARACTERISTICS (25°C unless otherwise noted) 


Characteristic 


“3 IGss Gate Reverse Current 


S 


Common-Source Forward | 1000 | 
Transconductance 


Common-Source Input 
Capacitance 


Q-Sr2<0 
fe) 
w 


iss 


ay 
WwW ~ w 


*JEDEC registered data 
NOTES: 


Test Conditions 


VG6s = 10 V, Vps = 0 
VGs = 10 V, Vps = 0, Ta = 150°C 


Joos sae] ml Tat Tat [al | ferme 
T 
A Gate-Source Cutoff [ . 
; ee aoe ee ee pt} 3} af 2] [as] 3] 
Drain-Source ON 
ppSiont Resistance | fro} | oof foo] fF fa 2 i fs ay eos x 
Common-Source Input 
Conductance 
Common-Source Reverse oe 2N3329: 
Transfer Conductance palsy OG 2N3330: 
umho =- 
Common-Source Output be 2N3331: 
> Conductance °2N3332: 


Vps =-5V, Ip =-1mA 
N Fi = 
pred ECE EPR Rgen = 10 M2 epee: 


1. Due to symmetrical geometry, these units may be operated with source and drain leads interchanged. 


2. Derate linearly to 175°C free-air temperature at rate of 2.0 mW/°C 
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f=1kHz 


f = 10MHz 


f= 1 MHz 


f=1kHz 


PC 


p-channel JFETs ivy 
designed for . .. Scctgrminsnacenist 


# Analog Switches — BENEFITS 
i Choppers ‘ @ Low Insertion Loss 

1D < 150 2 (2N3386) 
= Commutators a 


= Amplifiers 


TO-72 
See Section 6 


*ABSOLUTE MAXIMUM RATINGS (25°C) 


Gate-Drain Voltage (Note 1) ................0000- 


Gate-Source Voltage (Note 1) .................00. 30 V | p 
CU Ms oy ec onic ne cep a's 50 mA 2 
Storage Temperature Range.............. -65 to +200°C 


o 
io) 


Total Dissipation at 25°C Ta (Note 2) .......... 


*ELECTRICAL CHARACTERISTICS (25°C unless otherwise noted) 


— ae 


IGss Gate Reverse Current nee 


= 


2 IGss Gate Reverse Current 


Ss 
T Gate-Source Breakdown IG=1yA 
4 u Vv Gate-Source Cutoff Vps=-5V 
Cc GS(off) Voltage (Note 3) Ip=-1uA 
Saturation Drain Current Vps = -10.V 
5 | -3. A 


A =-5V 
Drain-Source ON Ves =0 
f= 1kHz 
D c 
Common-Source Forward Vps=-10V 
Y 7500 h 


N 
A Cygs Source-Gate Capacitance 
9 . i Plus 
c | Cdgs Drain-Gate Capacitance pF f = 140 kHz 
: Common-Source Input 


*JEDEC registered data. 


NOTE: 
1. Due to symmetrical geometry, units may be operated with source and drain leads interchanged. 
2. Derate linearly to +175°C at 2mW/C 

3. Pulsewidth = 2 ms, duty cycle < 3%. 


2-3 


OSCENZ VSEENT T8EENT 


MIUODI 


2N3819 


PREFERRED PART 2N5457 


iconix 


n-channel JFET pile | 
designed for... Performance Curves NH NRL 


See Section 4 
= General Purpose Amplifiers BENEFITS 


° ° @® Low Cost 
# Analog Switching © Specified at 100 MHz 


@ Automatic Insertion Package 


* ABSOLUTE MAXIMUM RATINGS (25°C) 


D rai tmrammmeal Tage vin... coe hs ene ieee eo toe iel ers oan 
DralnGUIRReLY OTAGG Lc yer ue et ol, oe unre Weenie 25V PAS Beste 
Reverse Gate-Source Voltage............-+026% Coa? aw See Section 6 
Gate CAlrert No. cae ac = pel secre cinerea epee ee 10 mA 
Continuous Device Dissipation 

at (or Below) 25°C Free Air Temperature D 

(N@TG 1) Papelera PCa NOP ve ce een Lanai 200 mW 7 
Storage Temperature Range ............ —55°C to +150°C G : 
Lead Temperature s 
(1/16° trom Case tor O'secorids)= sem. oe en 260°C s Bottom View nee 


*ELECTRICAL CHARACTERISTICS (25°C unless otherwise noted) 


Characteristic | min | Max 
BVGss Gate-Source Breakdown Voltage —25 ae | 


Vas =—15 V, Vps = 0 ee 


Test Conditions 


Gate Reverse Current 


Ipss Saturation Drain Current 


Gate-Source Voltage 


O-ADAN 
< “a 
7) 


VGS(off) Gate-Source Cutoff Voltage 


Common-Source Forward 


i \Yés| Transfer Admittance toe 
= z 
8 D Common Source Output 
is Yos Admittance 
N 
Common Source Input 
A y 
= Ciss Capacitance 
M f= 1 MHz 
10 I C Common Source Reverse 
Cc rss Transfer Capacitance 


Common Source Forward 


Transfer Admittance f = 100 MHz 


* JEDEC registered data NH 
NOTES: sham 


1. Derate linearly to 125°C (free air temperature at a rate of 2 mW/°C). 
2. Pulse tested pulse width = 100 ms, duty cycle < 10%. 


2-4 


n-channel JFETs cg 


Siliconix 


designed far act ee Porforpatice icuryas NRL 


# Small-Signal Amplifiers BENEFITS 


@ © fi 
@ Oscillators he from High Supply 


BVgss > 50 V 


CC8ENZ CCSENT LOSENT 


*ABSOLUTE MAXIMUM RATINGS (25°C) 


Gate-Drain or Gate-Source Voltage (Note 1) . .. -50V ag ones 6 
Garecurrent  ) . . wk. : ieee ha aint ONT 
Total Device Dissipation at (or Below) 25°C 

Free-Air Temperature (Note 2) ..... . 300mW 
Storage Temperature Range ..... . -65to+200°C 
Lead Temperature 

(1/16 from case for 10 seconds) .... . . 300°C 


tH 


*ELECTRICAL CHARACTERISTICS (25°C unless otherwise noted) 


< 3 
- 


Test Conditions 


VGgs = -30 V, Vps = 0 
GS OS 150°C 


Ig =-1 HA, Vps = 0 


Characteristic 


IGss Gate Reverse Current 
Ss 


T BVGss Gate-Source Breakdown Voltage -50 
. VGS(off) Gate-Source Cutoff Voltage 


Cc} Vcs Gate-Source Voltage 


t 
tH 


Vos =15V, Ip =0.5nA 
Vps=15V,!Ip =50uA 


Vps = 18 V, Ip = 200 uA 
Vos = 15 V, Ip = 400 uA 


6 ae loss Saturation Drain Current (Note 3) 0.5 25 mA | Vps=15V, Vgg=0 
Common-Source Forward 


9fs Transconductance (Note 3) f=1kHz 


3000 


6500 3,500 
3,200 


Common-Source Forward 
Transadmittance 


ly¢s! 3000 f = 100 MHz 


1 
S 
on 


D Common-Source Output 
Y 9os Conductance (Note 3) 


N Cc Common-Source Input 
Iss Capacitance 


Vos = 19 V, Ves =0 f= 1kHz 


' Cc Common-Source Reverse Transfer 
Cy rss Capacitance 


Vos = 15 V, Vgs =0, 
Rgen = 1 meg, BW = 5 Hz 


NF Noise Figure 


1 
; (=) 
oa w N ae 


tquivalent Short-Circuit Input 


€n Noise Voltage Vos = 18 V. Ves = 0, BW=5Hz 


! 
N 
nN a 


54 
° 


"JEDEC Registered Data. 


NOTES: 

1. Due to symmetrical geometry, these units may be operated with source and drain leads interchanged. 
2. Derate linearly to 175°C free-air temperature at rate of 2 mw/*C. 

3. These parameters are measured during a 2 msec interval 100 msec after d-c power is applied. 


xXIuUoDI 


n-channel JFET wiz nix 


Performance Curves NRL 


designed for © © e See Section 4 


2N3824 


= High Speed Commutators BENEFITS 
@ Low Insertion Loss 
= Choppers Tetey 2500 


@ High Off-lsolation 
ID(off) <0.1nA 


*ABSOLUTE MAXIMUM RATINGS (25°C) 


TO-72 
Gate-Drain or Gate-Source Voltage (Note 1) . . . -50V See Section 6 
Gate Current .... Sor ae ol On A, 
Total Device Dissipation at eter melee 25° C 
Free-Air Temperature (Note2) .... . . . 300mW 
Storage Temperature Range .... . . -65to+200°C 
Lead Temperature 5 f u 
(1/16”’ from case for 10 seconds) .... . . 300°C s D s 
*ELECTRICAL CHARACTERISTICS (25°C unless otherwise noted) 
Characteristic Test Conditions 


IGss Gate Reverse Current 
BVGss Gate-Source Breakdown Voltage =-1yuA, Vps=0 


ID (off) Drain Cutoff Current Vos = 18:V, VGse =i 150°C 


sie ee 
Tds(on) Drain-Source ON Resistance cn VGs=0V,Ip=0 f=1kHz 


Ciss Common-Source Input Capacitance 


Vps =-15.V,VGs=0 
f= 1 MHz 
VGs=-8V, Vps =0 


> w ee 


Crs Common-Source Reverse Transfer Capacitance 


*JEDEC registered data. 
NOTES: 


1. Due to symmetrical geometry, these units may be operated with source and drain leads interchanged. 
2. Derate linearly to 175°C free-air temperature at rate of 2 mW/*C. 


iconix 


2-6 


dual n-channel JFETs SS 


Siliconix 


designed for eee Performance Curves NNR 


See Section 4 


|@ Differential Amplifiers BENEFITS 


® Minimum System Error and Calibra- 
tion 
5 mV Offset Maximum (2N3921) 
®@ Simplifies Amplifier Design 
Low Output Conductance 


TO-71 
See Section 6 


*ABSOLUTE MAXIMUM RATINGS (25°C) a rch 
Gate-Drain or Gate-Source Voltage ............... -50 V 

MN AREECMCTE CMe cts ss ere PAG 6 ee ee ee ah Ae 50 mA 

Total Device Dissipation 


(Derate 1.7 mW/°C to 200°C) ............... 300 mw 
Storage Temperature Range.............. 


Bottom View 


*ELECTRICAL CHARACTERISTICS (25°C unless otherwise aie Ca 


Characteristic Test Conditions 


| Gate Reverse Current VGs = -30 V, Vps =0 
= ead EXERT BETO Rca coe 


S |BVpGo __ Drain-Gate Breakdown Voltage Peek aad a ea Ip = 1HA, Ig =0 

T 2 = 

A LYGS(off) _Gate-Source Cutoff Voltage ee ee Vps=10V,Ip=1nA 

Tt | Voces Gate-Source Voltage ps0 Delta Vps = 10 V, Ip = 100 vA 


| 250 | pA card 
Cc Gate Operating Current oa VpG = 10 V, Ip = 700 uA Mie 


|Ipss Saturation Drain Current (Note 1) |Ipss Saturation Drain Current (Note 1) Drain Current (Note 1) lt LS rs Vps = 10 V, Vgs =9 
Ofs Common-Source Forward Transconductance (Note 1) | 1500 | 7500 


O] O(N [HI O!] RB] wiry] — 


10} D] gos Common-Source Output Conductance aa a ieee O 

11 ‘ Ciss Common-Source Input Capacitance fae ee DS Ruce f= 1kHz 
12 * Crss Common-Source Reverse Transfer Capacitance fe oon ela 

13 rs Ofs Common-Source Forward Transconductance ae imho VEG AAGNONysa00 KA | Fe. Lk 
14 Sos Common-Source Output Conductance 


RG = 1 meg 


Reka | avzezi_| avsoz2_| 2naoea | anaoss a Ton focew 
aracteristic est Conditions 
[tin [Max | in [Max | Min [Max | Win [Max 


16] | \Vesi-Vasa! Differential Gate-Source Voltage |_| 5 | | 5 { [15 | | 15 | mv _ 
Alv -V | Gate-Source Differential Voltage 
17 a — epee) G52. Change with Temperature 10 25 25 |yuv/c 
(Note 2) 
18 . Sfs1 Transconductance Ratio 
OFs2 (Note 3) 


*JEDEC registered data. NNR 
NOTES: 

1. Pulse test duration = 2 ms. 

2. Measured at end points, Ta and Tg. 

3. Assumes smaller value in numerator. 


° 
Vpg=10Vv,| A= °° 
Ip = 700 pA Tg = 100°C 


f= 1kHz 
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SSOPNZ PS8OUNZ CC6ENT LZ6ENTZ 


xIuUoDI 


2N3954 2N3954A 2N3955 2N3955A 


PREFERRED PART 2N5196 


iconix 


matched dual ath 
n-channel JFETs 0 sisyo,""er" 
designed for aes BENEFITS 


@ High Accuracy & Stability 
Offset Less Than 5 mV (2N3954, 54A) 


= Low and Medium Frequency Drift Less Than 5 nV/°C (2N3954A) 
H Hi gira @ Wide Dynamic Range 
Differential Amplifiers eS eeriedl Ogg one 
ee High Input @ Low Capacitance 
Cisg < 4 pF 


Impedance Amplifiers 


TO-71 
ABSOLUTE MAXIMUM RATINGS (25°C) nS ee 

Any Case-To-Lead Voltage..... a ea a a eee +100 V Y : 
Gate-Drain or Gate-Source Voltage ........... .... -0V G; G9 
Gate-To-Gate Voltage ...... NANT - dye Ra nie tence LOO, 
Gate Current: eit ops etre BA Betas irre eee 50 mA $10 OS? 
Total Device Dissipation 85°C (Each Side). . eee 250 mW 

Case Temperature (Both Sides)....... 500 mW 
Power Derating (Each Side) ............... 2.86 mW/°C 

(Both Sides) «2... ssn 0e.p 0» Att 4.3 mw/°C ane 

storage Temperature Range... ......... -65 to+ 200°C 2 cl gana 
Lead Temperature (1/16” from case for 10 seconds)... 300°C Bottom View itreeNe 


*ELECTRICAL CHARACTERISTICS (25°C unless otherwise noted) 


Characteristic Test Conditions 


| Min | Max | Min | Max | Min | Max | Min | Max | 
jicss Gate Reverse Curent |- —f} 300 |__} 100 }__} 108 |_1 190 toa Ves = -30 V, ih. 
i Ee oe Ta = 125°C 


Gate-Source Breakdown Vps=0, 
| [eos ca es ee 
Gate-Source Cutoff Vps=20V, 
uk Toros Voltage | -10] -45 | -10| -45| -10] -45 | -10] 45] Ip= nA 
Gate- yore Forward Vps=0, 
vost) Oe Co ID 


5 
4 = o = = 
ot ¢ Vos GateSource Voltage = Lge et Laat | ip = 50 uA 
8 
9 


BR EL Ee ae OL Ip = 200 uA 
Sais Bwana Gin Fre oe ae ee ee ea — 
[|= 260-[ | =250 || =250 | [=250 | nA] tp = 20048 [Ta = 125°C 


G 
Saturation Drain Vps = 20 V, 
11 Common-Source Forward | 1000 1000 | 3000 | 1000 | 3000 {| 1000 | 3000 
12 Transconductance Peart Fano orf 1000 
Common-Source Output 
Common- Source Input 
Common- Source Reverse 
16 | Che Drain-Gate Capacitance eae Sa eae ae eho Scio eae aC eho Scio eae 
vs =20V, 
17] | NF Nene Rend aa ves=0, f= 100Hz 
Rg = 10 MQ 
" Differential Gate VDs =~ 20V, . 
a : 


f= 1kHz 
f = 200 MHz 


f=1kHz 


umho 


= 1 MHz 


M 
191 al !pss1/!pss2 mir Satie Current 


20 c IVes1-Vesal ra i Wai Gate-Source 


21 Gate-Source Differential 


= 25°C to -55°C 
| 41VGs1-Vas2!_ Voltage Change with 2 


22 Tanperetite T=25 Cto125C 
Transconductance Ratio 
23] | 9f51/9Fs2 (Note 1) f=1kHz 


* JEDEC registered data 
NOTE: 
1. Assumes smaller value in numerator. 


NOP, NP-D 


2-8 


matched dual 
n-channel JFETs 


designed for... 


m Low and Medium Frequency 
Differential Amplifiers 


& High Input Impedance Amplifiers 
*ABSOLUTE MAXIMUM RATINGS (25°C) 


Any Lead-To-Case Voltage...... eatin tun isa Ph OWN, 
Gate-Drain or Gate-Source Voltage ..... Ese Comer asta ye -50 V 
Peeteoraate VOItTAge ck a ce ee ve ce eee ng 


Case Temperature (Both Sides)....... 
Power Derating (Each Side)................ 2.86 mW/°C 
(Bot Sides) co ps2 acane’& sere pehtattes. MV) nC 
Storage Temperature Range...... A alee t . -65 to +250°C 


Lead Temperature (1/16’’ from case for 10 seconds). . . 300°C 


Characteristic 


IGss Gate Reverse Current 


1 
23 ESES 
[o) lore ey i =) 


Gate-Source Breakdown 


BVGss Voltage 


$ [Vest GawSoures Guo Vora | -10| a5 | 0]-48 [10 
Al Vesiy ___GneSourceForeravorwe |__| 20] [20 
[fe emer Pabtatte 


OPO; ntl aI ats] w [rym] — 


IG Gate Operating Current 


Saturation Drain Current 


—s 
oO 
| 
n 
22) 
(=) 
i=) 
Oo 
w 
(=) 
i=) 
o 


ly¢el Common-Source Forward 
fs Transconductance 
Common-Source Output 


2 Conductance 


[<o} 
° 
a 


Common-Source Input 
Capacitance 


O 
a 


Common-Source Reverse 
Transfer Capacitance 


ie) 
x 
“ 
a 


a) a] z |= 
QO-S>2<0 
: 
g ? 
ie) 
o 


Drain-Gate Capacitance 


Common-Source Spot 
Noise Figure 


2 
n 


Differential Gate Reverse 


liG1-Ie2! Current 


Saturation Drain Current 


A| 'Dss1/!DSS2__ Ratio (Note 1) 


Differential Gate-Source 


Cc 
H Vest “Vesa! Voltage 


Gate-Source Voltage 
AlVGs1-VGs2! Differential Change With 


N 
G 
Temperature 


Transconductance Ratio 
(Note 1) 


9f51/9f52 


NT NTS] & = = 
WIN i—-}| oO © foe] 
[oe-zoas 


* JEDEC registered data 
NOTE: 
1. Assumes smaller value in numerator. 


*ELECTRICAL CHARACTERISTICS (25°C unless otherwise noted) 


3 | 3/0 


Ww 
ol 


= = me 
Oo i=) N 


pay 
Siliconix 
Performance Curves NQP, NP-D 
See Section 4 


BENEFITS 
@ Wide Dynamic Range 

Ig Specified @ Vpsg = 20 V 
@ Low Capacitance 


TO-71 
See Section 6 


7N 
4 
mi ¢) 
mil.) 
pa 

2S 
as 

on 
vg 
PO 
wn 
wy 
NS 

Zw 
re 
v) 

tr 
ro) 


Ss D 
; ro 2 2 G2 
Bottom View D, $1 


(ALTERNATE) 


Test Conditions 


Vs = -30 V, Vps = 0 . 
an my Ta = 150°C 


Vps=0V,IG=-1uA 


Vps=20V,Ip=1nA 
Vps=0V,IG=1mA 
Vps = 20 V, Ip =50uA 
Vos = 20 V, Ip = 200uA 


Vps = 20 V, Ip = 200 uA 


Vos = 20 V, Ves = 0 


Ta = 125°C 


> 


o 
(2) 
o 


f= 1kHz 
f = 200 MHz 


ie 


3 ue) 
2} 


f= 1 kHz 


Vos = 20 V, Ves =0 


f= 1MHz 


VpG = 10 V, Is =0 


Vps = 20 V,VGs=0V, 


= 100H 
Rg = 10 M2 tad 


Vps=20V, Ip =200uHA | T=125°C 


Vps = 20 V, Veg =0 


Np 
a 


T = 25°C to -55°C 
T = 25°C to 125°C 
f=1kHz 


Vps = 20 V, Ip = 200 vA 


Pi E 
< 


xKXiIuUoodI 


2N3966 


iconix 


Bs 


n-channel JFET 
designed for .. . pet nned ous) | 


@ Analog Switches BENEFITS 
re Choppers @ Low Insertion Loss, No Offset 


Voltage 
= Commutators 'DS(on) < 220 2 


@ Short Switching Aperture Times 
Crsg < 1.5 pF 
tion) + t(off) < 50 ns Typical 


* ABSOLUTE MAXIMUM RATINGS (25°C) 


Gate-Drain or Gate-Source Voltage................ —30 V See Section 6 
Gate Gurrentaerege, ces eee ade ae cd ta eee 10 mA 
Total Device Dissipation 


(25°C Free-Air Temperature) .........:00.8.. 300 mW 
PoWer Detatindic, co ceiseuh ets. eee tee 1.7 mW/°C 
Storage Temperature Range .............. —55 to +200°C 4 
Operating Temperature Range............. —55 to +175°C 


Lead Temperature 
(1/16“-from-case for 10'seconds)-29 ree es te re 


*ELECTRICAL CHARACTERISTICS (25°C unless otherwise noted) 


Characteristic | min | Typ | Max | Unit | Test Conditions 
IGss Gate Reverse Current Fos Fee ck “01 FF nase VGs =-20 V, Vps = 0 
VGS(off) Gate-Source Cutoff Voltage | Ste || et Sh 6.0 y Vps=10V,Ip=10nA 


BVGss Gate-Source Breakdown Voltage -30 praih ial baa Ig =-1uA, Vps=0 


mA Vps = 20 V, Vgs = 0 


pra 


0 i) 
= 
Oo 
= 
° 
=} 
n 
+ 
® 
= 
ao 
Oo 
= 
iS 
7 
22) 
{2} 
° 
3 
° 
oO 
e) 
2 
es) 
oO 
&, 
n 
- 
® 
S 
oO 
@o 


Vps= 10 V, Vgs=-7V 


| ma | 
| na _| 
0 [wa 
220 Vps =<0.1 V, Ves =0 
Avi 
in 
pA 
FREES 


nN 
o 
(> ae 
>|> 
: 


Ta = 150°C 


ID (off) Drain Cutoff Current ere) 
T fC) Ee 
; ima, 


V Ip = 1mA, VEs = 0 

VpG = 20V, Is =0 
" : Ta = 150°C 

VGs-0. Ip-0 f= 1kHz 


11 Tds(on) Drain-Source ON Resistance [rae | 
12} y| Ciss Common-Source Input Capacitance art tak 80s | Vps = 20 V, Ves =0 

N F f = 1 MHz 

Common-Source Reverse Transfer Pp ths ] 

14 t Turn ON Delay Time he ee ee 

: eal 3 Vpp = 1.5V 
16| 1 | toft Turn OFF Time | | 300 | 100 | VGS(on) = 0 See Circuit Below 

VGS(off) = -6 V 

17] C] tgoft Turn OFF Delay Time (Note 2) ° 

c| tao Aes ii in 
18] | t Fall Time (Note 2) 200G|— 1 
* JEDEC registered parameters unless otherwise Vpp NH 

: 1.5V 
pce ae to min/max only). eee INPUT PULSE SAMPLING SCOPE 
: SKL ‘ RISE TIME <1 RISE TIME < 10 ns 

1. Pulse test duration <2 ms. MODEL 503A OOSCILLOSCOPE FALL TIME < es INPUT RESISTANCE > 5 MQ @< 10 pF 


(oR Equiv.) © TUT PULSE WIDTH 1ns 
PULSE DUTY CYCLE 50% 


INPUT RESISTANCE 5002 


2. Non-JEDEC registered parameters: 
td(off) + tf = toff. 


n-channel JFETs 5 


Siliconix 


designed for... = Ssc'zuse gens 


= Analog Switches : BENEFITS 


@ Low Insertion Loss 
= Choppers . 'DS(on) < 30 & (2N3970) 


° ge ® Good Off-lsolation 
= Amplifiers ID (off) < 250 pA 


CL6ENZ LZ6ENZ OZ6ENZ 


* ABSOLUTE MAXIMUM RATINGS (25°C) TO-18 


See Section 6 

Reverse Gate-Drain or Gate-Source Voltage 
Gate Current 
Total Device Dissipation at 25°C Case Temperature 

(Note 1) 
Storage Temperature Range 
Lead Temperature 

(1/16” from case for 60 seconds) 


*ELECTRICAL CHARACTERISTICS (25°C unless otherwise noted) 


2N3970 2N3971 2N3972 une | 


Characteristic Test Conditions 


BVGss Gate Reverse Breakdown Voltage 


IDGO Drain Reverse Current 
ID (off) Drain Cutoff Current 


VGS(off) Gate-Source Cutoff Voltage 


I Saturation Drain Current 
DSS (Pulsewidth 300 us, duty cycle < 3%) 


150°C 


Vpos= 20 V, VGs=-12V 
DS GS 150°C 


so0[ 2 5] a5| 2] v | vos=20viio=100 


[sof =|] of | mn vnnsv.veso 


Ip= 5mA 
VDS(on) Drain-Source ON Voltage Ip = 10 mA 
Ip = 20 mA 


Fosion) Sate dranSouee on Reston | | 20] | 80] | 100] @ | Vos=0.ip=1ma 
ston) —DrainSowes ON Revsance | | 90] | 60] | 100] @ [ves=0.1p>0 [= 18h 


Ciss Common-Source Input Capacitance Pepe aires ep ee Vps = 20 V, VGgs=0 
pF f = 1 MHz 


Common-Source Reverse Transfer a mom 
Crss Capacitance Vps =0, VGs =-12 V 


Vpp= 10 Ve VGS(on) = 9 
td(on) Turn-On Delay Time ID(on) - RL VGS(off) 


loff Turn-Off Time 2N3971 10mA 85002 - 5V 
2N3972 5mA 1.6KQ2 - 3V 


NC 
* . 
JEDEC registered data. ; 
D(ON) INPUT PULSE SAMPLING SCOPE 
: Vout RISE TIME 0.25 ns “RISE TIME 0.4 ns 
NOTE: s FALL TIME 0.75 ns INPUT RESISTANCE 10M 


1. Derate linearly at the rate of 10 mwW/°C. {son | PULSE WIDTH 200 ns INPUT CAPACITANCE 1.5 pF 
7 : PULSE RATE 550 pps 


_VDD - VDS(ON) 


xMIuUodDI 


ps 
Siliconix 
Performance Curves NC 
See Section 4 


BENEFITS 


@ Low Insertion Loss 
High Accuracy in Test Systems 
'DS(on) < 30 8&2 (2N4091) 
@ High Off-lsolation 
ID(off) < 200 pA 
@ High Speed 
trise < 10 ns (2N4091) 
@ Short Sample and Hold Aperture Time 
Crss < 5 pF 


n-channel JFETs 


designed for... 


@ Analog Switches 

= Commutators 

= Choppers 

m Integrator Reset Switch 


*ABSOLUTE MAXIMUM RATINGS (25°C) 


Reverse Gate-Drain or Gate-Source Voltage......... -40 V TO-18 
Gate Giirrerta octet koe cor mm eect oO eee ame 10 mA ict 
Total Device Dissipation at 25°C Case Temperature 

(Derated GO mW Chactempaciztab ogee sce Soncieineeet ren 1.8 W 
Storage Temperature Range.............. -55 to +200°C 


Lead Temperature 
(1/16’’ from case for 60 seconds). ............. 


2N4091 2N4092 2N4093 JAN TX 
PLASTIC EQUIVALENT PN4091 SERIES 


*ELECTRICAL CHARACTERISTICS (25°C unless otherwise noted) 


Characteristic 


BVGss Gate-Source Breakdown Voltage 


IDGO Drain Reverse Current 


ID (off) 


oO 


VGs =-20 V, Is =0 
GS S) 150°C 


Ves=- 6V 
150°C 


Drain Cutoff Current 


QO-4rp4u 


VGS(off) Gate-Source Cutoff Voltage - 


Saturation Drain Current 
11 Ipss 


(Note 1) 


NO NO 
f=) (=) 
oO j=) 


Ww 
Ba 


Drain-Source ON Voltage 


13 VDS(on) 


15 'DS(on) | Static Drain-Source ON Resistance 
Tds(on) Drain-Source ON Resistance 


Ciss Common-Source Input Capacitance 


Common-Source Reverse Transfer 


Crss Capacitance 


= wl] wl 
oO Ola ln 


N | — 
ao; eo 
eee ts 2 leg —| 


td(on) Turn-ON Delay Time VDD = 3, VGs(on) = 9 
ered ¥ ID(on) VGS(off) RL 
tr Rise Time | 40 | 2N4091 66mA -12V 4252 
21 toff Turn-OFF Time 2N4092 4 -8 700 

D4 2N4093 2.5 -6 1120 
= 
C | ‘sepec registered data. Vop NC 
0 INPUT PULSE SAMPLING SCOPE 
QO NOTE: RL RISE TIME <1ns RISE TIME 0.4 ns 
A 1. Pulsewidth = 300 MS, duty cycle < 3%. D. Vout FALL TIME <1ns INPUT RESISTANCE 10 M 
ames vin PULSE WIDTH 1 us INPUT CAPACITANCE 1.7 pF 


Ss 


2-12 


pie] autos -)-200"}-nA | 

jets [asta | wie [400] aa] 
aE eS eee ee 
pou bangs [echo ea aie mm 150°C 
ea 

WE) nA 


fee Sealants feero 
ahi naa Got 


Vgs =-12V 


mA | Vps=20V, VGs =0 


Ip=2.5mA 
Ip=4 mA 
Ip =6.6 mA 
VG6s=0,!Ip=1mA 


pF f = 1MHz 
Vps =9, VGs =-20 V 


PULSE DUTY CYCLE < 10% 
PULSE GENERATOR IMPEDANCE 502 


n-channel JFETs eit. 


designed for... Exiemmnguver 


@ Ultra-High Input 3 BENEFITS 
Impedance Amplifiers @ Low Power 
Ipss < 90 uA (2N4117) 
Electrometers @ Minimum Circuit Loading 
pH Meters lIGss < 1 pA (2N4117A Series) 


Smoke Detectors 


TO-72 


*ABSOLUTE MAXIMUM RATINGS (25°C) See Section 6 


Gate-Drain or Gate-Source Voltage (Note 1) ........ 
RPO MU ein ei akti@% a pane ep se ae eo dll dels 50 mA 
Total Device Dissipation 


(Devate 2 mW/°C.t0-175°C)............ Wiel 300 mW Hl 
Storage Temperature Range.............. -65 to +175°C G 
Lead Temperature G c 


(1/16” from case for 10 seconds).............. 2 


*ELECTRICAL CHARACTERISTICS (25°C unless otherwise noted) 
Characteristic Fe rag 17A “cm rae a ner Test Conditions 


| Gate Reverse Current in Vag #20V)IVing'* 0 hasan Le 
Pica necr cure cued net lead STH Gebel SEIT Sl ose ae 

| [BvGSs _GeeSource Breakdown vores | 0] | 0] | 0] |, [ig=-1#A voseo 

© [asia _GueSouree Cutt Vorowe | -06|8 | 1] 3[ 2] ©] ™ [Vos=t0v.10=108 


Saturation Drain Current 
| oS oo 
Common-Source Forward 


Ola}talwlrno]|— 
> 


D 
Y f= 1kHz 
A Bioee Conductance Mie Soe Vecmrn 
10 M C; Common-Source Input 
J ISS Capatitance 
C pF f= 1 MHz 


11 Cc Common-Source Reverse Transfer 
rss Capacitance 


*JEDEC registered data. 


NOTES: 
1. Due to symmetrical geometry, these units may be operated with source and drain leads interchanged. 
2. This parameter is measured during a 2 ms interval 100 ms after power is applied. (Not a JEDEC condition.) 
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Sa1uaS ZLLYNd LNJIVAINGS DILSV1d “S3IMIS ZLLVN4 SLUVd G3NNIdIud 


MIUO DI 


& V6LLUNZ 6LLUNZ V8SLLONZ SLLUNZ VZLLUNZ ZLLYNZ 


2N4220 2N4220A 2N4221 2N4221A 2N4222 2N4222A 


iconix 


Ss 


n-channel JFETs ae Ty 
designed for cite fe Performance Curves NRL 


See Section 4 


= Small-Signal Amplifiers BENEFITS 
m VHF Amplifiers 
@ Oscillators 

@ Mixers 


@ High Gain 
@ Low Receiver Noise Figure 


* ABSOLUTE MAXIMUM RATINGS (25°C) Pe 


? See Section 6 
Gate-Drain or Gate-Source Voltage (Note 1) 


Gate Current 

Drain Current 

Total Device Dissipation at (or below) 25°C 
Free-Air Temperature (Note 2) 

Storage Temperature Range 

Lead Temperature 
(1/16” from case for 10 seconds) 


*ELECTRICAL CHARACTERISTICS (25°C unless otherwise noted) 


2N4220, 2N4221, 2N4222, 
Characteristic 2N4220A 2N4221A 2N4222A Test Conditions 


IGss Gate Reverse Current a a VGs=-15V, Vps =0 


BVGss Gate-Source Breakdown Voltage Ig =-10 vA, Vps = 0 


150°C 
VGS(off) Gate-Source Cutoff Voltage Vps = 15V, Ip =0.1nA 


FRM aes ; 
Gate-Source Voltage aa F607 | (200) [1200) [600) [1600 | war | Vps=15V,Ip=( ) 


a) I 


(Note 3) 
Common-Source Forward 

Transconductance (Note 3) 1000 2000 5000 | 2500 | 6000 
el Pay Fe] foes 


JOOS whim 
25 2. VDSt6 V,VGs=0 
Rgen = 1meg 


Common-Source Forward 
Transadmittance 


Common-Source Output 
Conductance (Note 3) 


[o} 
2) 
a 


~ 
o1 
oO 


Common-Source Input 
Capacitance 


QO-S>P2<0O 


Common-Source Reverse Transfer 
Capacitance 

Noise Figure, Only 2N4220A, 
2N4221A, 2N4222A 


a ea 
25 


*JEDEC registered data. 


NOTES: 

1. Due to symmetrical geometry, these units may be operated with source and drain leads interchanged. 
2. Derate linearly to 175°C free-air temperature at rate of 2 mW/°C. 

3. These parameters are measured during a 2 msec interval 100 msec after d-c power is applied. 
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n-channel JFETs et 


designed for... Soo acon ares 


= VHF Amplifiers | BENEFITS 
@ Low Noise 

=@ Mixers NF = 3dB Typical @ 200 MHz 
@ Easy Tuning 


Crsg <2 pF 


*ABSOLUTE MAXIMUM RATINGS (25°C) 
TO-72 


Gate-Drain or Gate-Source Voltage (Note 1) ........ -30 V See sections 


Ok SE REG ee Sona ay le a 10 mA 
MEER ts ests a Seis sla ale @ atelegecee’« 20 mA 
Total Device Dissipation at (or below) 25°C 

Free-Air Temperature (Note 2) .............. 300 mW 
Storage Temperature Range.............. -65 to +200°C b 
Lead Temperature 


(1/16” from case for 10 seconds).............. 


*ELECTRICAL CHARACTERISTICS (25°C unless otherwise noted) 


Characteristic 


| | Min _| 
fas eee ft 
eK 


Test Conditions 


oad a bed natccloeaitines EEK: 


s | 8VcGss Gate-Source Breakdown Voltage Ig =-10 vA, Vps = 0 


2 

: ected 
T Mi 

41 A| VGS(off) Gate-Source Cutoff Voltage Su foes 
2 (0.25) | (0.25) ee 


Cc 


VG6s Gate-Source Voltage 


Saturation Drain Current (Note 3) 
Common-Source Forward 
Transconductance (Note 3) 
CG Common-Source Input 
ISS Capacitance (Output Shorted) 
Cc Common-Source Reverse 
rss Transfer Capacitance 


10 Common-Source Forward 
Transadmittance 
Common-Source a ae eo 
1 Siss Conductance (Output Shorted) ae 800 umho 


Vis Mo Vi viGs— 0 


<e) 


Vpsss VEVGs=0 


Common-Source Output ty 
Joss Conductance (Input Shorted) Oe ee 200 rena 200 f = 200 MHz 


3 a 


* JEDEC registered data. 
NOTES: 

1. Due to symmetrical geometry, these units may be operated with source and drain leads interchanged. 
2. Derate linearly to 175°C free-air temperature at rate of 2 mW/°C. 

3. These parameters are measured during a 2 msec interval 100 msec after d-c power is applied. 


Vins 1o, VGSic OF 
Rgen = 1K 
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VECUNC ECCUNT 


xIuUgosdI 


iconix 


2N4338 2N4339 2N4340 2N4341 


n-channel JFETs Bro 
designed for... Performance Curves NP 


= Small-Signal Amplifiers BENEFITS 


@ Low Noise 
NF < 1dB at 1 kHz 

@ Operation from Low Power Supply 
y Voltages 
= Voltage-Controlled Resistors V@s(off) < 1 V (2N4338) 

® Simple Biasing Design with Tightly 

Specified Parameter Tolerances 
3:1 Ipss, Vp, gf; Ranges 
@ High Off-lsolation as a Switch 


m Choppers 


*ABSOLUTE MAXIMUM RATINGS (25°C) ID(off) < 50 pA 
Gate-Drain or Gate-Source Voltage (Note 1)........ -50 V Ate 

Gate CLRren iw ci eraistere lev epien’s © ale eine tel siren cia aa 50 mA See Section'é 

Total Device Dissipation (Note 2) .............. 300 mW 

Storage Temperature Range.............. -65 to +200°C 

Maximum Operating Temperature...........0.-. 175°C 


Lead Temperature 
(1/16 atcomcase tor 10 seconds) iwee see eee 


*ELECTRICAL CHARACTERISTICS (25°C unless otherwise specified) 


ines. Gull Reeve t Ol ae Ee a Eee eee ye autieta TN8 
2 Pog | Oa eT eOt twee ore ee | Ole eas 150°C 
Gate-Source Breakdown 
3 . BVGss Voltage IG=-1pHA, Vps=0 
Gate-Source Cutoff 
(-5) (-10) Vo6s = ( 
Saturation Drain Current 
| = sleet e polo leper 
Cc -S F d 
7 kA aida cater 1800 | 800 | 2400 | 1300 | 3000 4000 
Transconductance (Note 3) oa isv'V * 
2a 3 a 
8 Common-Source Output a eee Gs* 
Conductance 
Drain- Source ON 
v 
Common- Source Input 
eae 5 Rereamea sieoeia RUE bd eat V 15V,V 0 f=1MH 
= i = = Zz 
11 Cc Common-Source Reverse DS aS 
C = Transfer Capacitance 
NF Noise Figure VS 5.18. NGaee 
' 
Rgen = 1 meg, BW = 200 Hz|f = 1 kHz 


NP 


f=1kHz 


*JEDEC registered data 


NOTES: 
1. Due to symmetrical geometry, these units may be operated with source and drain leads interchanged. 
2. Derate linearly to 175°C free-air temperature at rate of 2 mW/°C. 


3. These parameters are measured during a 2 msec interval 125 msec (Ipss) and 625 msec (gfs) after d-c power is applied. 
(Not a JEDEC condition.) 


2-16 


n-channel JFETs Siliconix 
designed for... bee gocion aes NC 


BENEFITS 


@ Low Insertion Loss, High Accuracy in 


is Analog Switches Test Systems rps(on) < 30 2 
(2N4391) 


‘s Commutators @ No Offset or Error Voltages Generated 
i Choppers by Closed Switch 


Purely Resistive 
Ds Integrator Reset Switch aaivesoraticn Resistance from 
© High Off-lsolation Ip (off) < 100 pA 
* ABSOLUTE MAXIMUM RATINGS (25°C) @ High Speed ton < 20 ns 
Reverse Gate-Drain or Gate-Source Voltage ......... —-40 V hes 
UENO Sif). 62). Lact aaiete WOUIROR. op ae 50 mA See Section 6 


Total Device Dissipation at 25°C Case Temperature 
Reema). G) aterource Wolwie... ec a' 1.8 W 

Storage Temperature Range .............. —65 to +200°C 

Lead Temperature 

(ly 16% tromcase for 60 seconds)*. . efi ue... 


*ELECTRICAL CHARACTERISTICS (25°C unless otherwise noted) 


Characteristic [em [| Test Conditions 


1 -100 

3| [aves _GaweScurceBreatsownvorsse | ao] [0 [0] |v | tg=-tua.vpg=0 

4 FEE ee ee atta 

5 tf 200 oa Re 150°C 
ap Ube | 1G08 Rh Pech ees. | 

a1 % CAP el a on 150°C 


{| Mesa caesiweromeavenoe ff ff af {a}, [ie=ima vos=e 


Saturation Drain Current 
a] ins ier Pia fe [| ve] =| fea vss senses 


13 ert eee re Ip =3mA 
14 VDS(on) Drain Source ON Voltage relies toch lec Oaviuas to Vv VG6s=0 Ip =6mA 
15 (FASANO a a [p= mA 


TT] [eslon) Drain-Source ON Resistance | | 30-| 0, Tene vesratp=0__— ei 
eee soonteat it atria Tle 

19] ¥ easy edw SahalMe  Ge  W Ves =- 5V]¢= 1 MHz 

fi e—— FEE 

21 ae |e oe ia ae ne 

Se etre oh ae tes tithes ID(on) —Vasiott) «AL 
24 = Turn-OF F Delay Time in ET HE PELE NS BE PT gnaset fein AZ 
|S PD Oe 


*JEDEC registered data. 


NOTE: _ (96 
1000 pF U* (ipton) 

1. Pulse test required, pulse width = 300 us, duty cycle < 3%. PULSE of 

INPUT PULSE SAMPLING SCOPE 


RISE TIME < 0.5 ns RISE TIME 0.4 ns 
FALL TIME < 0.5ns INPUT RESISTANCE 50 2 
PULSE DUTY CYCLE 1% 


S3IMIS L6EVNd LNITWAINGS SILSV 1d ‘SIIMIS T6EVNA SLUWd GiadIdIad 


xXIUODI 


E6EUNC C6EVNZ L6EVNZ 


n-channel JFETs iin 
designed for ote Performance Curves NH 


See Section 4 


= VHF Amplifiers BENEFITS 
e @ Low Noise 
mw Mixers NF = 3dB Typical at 400 MHz 


® Wide Band 
High g¢./Cj,, Ratio 


2N4416 2N4416A 


PLASTIC EQUIVALENT PN4416 


*ABSOLUTE MAXIMUM RATINGS (25°C) TO-72 


See Section 6 


Gate-Drain or Gate-Source Voltage, 2N4416........ 


Gate-Drain or Gate-Source Voltage, 2N4416A ...... -35 V 

GatelQernenrt (ho nay. foc. cae eae tenner cee eee Fete ane 10 mA 

Total Device Dissipation (Derate 1.7 mW/°C) ..... 300 mW D 
Storage Temperature Range.............. -65 to +200°C 

Lead Temperature : 


(1/16”’ from case for 60 seconds).............. 


*ELECTRICAL CHARACTERISTICS (25°C unless otherwise noted) 


Characteristic | min | Max | unit | Test Conditions 
a ee ee 


A 
IGss Gate Reverse Current hee | ate VGs = -20 V, Vps = (0) V 
-0.1 150°C 
Ss 
T fe 24416 
3 BVGsSs Gate-Source Breakdown Voltage W IgG =-1 HA, Vps=0V 
: ae ee 2N4416A 
4 : V Gate-S Cutoff Vol Est ad Bao Vv Vv WL 1nA sees 
GS(off) ate-Source Cutoff Voltage al DS= /Ip=in 
“2501. £26 | 2N4416A 
5 Ipss Saturation Drain Current (Note 1) 
6 |p] 9s Common-Source Forward Transconductance | 4500 | 7500 
f = 1 kHz 
i . os Common-Source Output Conductance | | s0 | umho | 
Vps= 15 V; Ves = 0M 
8 5 Crsg Common-Source Reverse Transfer Capacitance ie i (ies nese Bey al 
9} 1] Ciss Common-Source Input Capacitance Fer melee ce f= 1MHz 


Cc pF 
10 Coss Common-Source Output Capacitance tor | 
Characteristic | 100MHz | 400MHz_—C Unit Test Conditions 


H hi pai Pea sc. 
é Ez sud fee os 
H 
g 75 umho 
Y SEE Conductance Vps = 15 V, Vgg =0V 
Common-Source Output 
E 
Q Poss Susceptance bea al ef i sani 
U 
Common-Source Forward 
% |_16|£| Gos Common-Source Power Gain || 18 =| ~~ |_ 10 | | dB | Vs= 18. Ip =5mA 
= 
() | “JEDEC Registered data NH 
=== | NOTES: 


1. Pulse test duration = 300 us. 
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n-channel JFETs See 
designed for... Performance Curves NC 


@ Analog Switches | BENEFITS 


@ Low Insertion Loss and High Accuracy 


Ea Commutators in Test Systems 
(DS(on) < 25 8&2 (2N4856, 59) 


7 Choppers @ High Off-lsolation 
& Integrator Reset Switch ID(off) < 250 pA 
@ High Speed 
ton <9 ns 


*ABSOLUTE MAXIMUM RATINGS (25°C) 


Reverse Gate-Drain or Gate-Source Voltage, 


ier 00 Be hunlois lic (da hs Shee LIEK de ace oo epee -40 V Ashlee 
Reverse Gate-Drain or Gate-Source Voltage, See Section 6 
OAC ORE Ly cs ca ck os we ne a ew we oO -30 V 
ETC foo as, acs ve ee ops 0.0, coe tee eee 50 mA 
Total Device Dissipation at 25°C Case Temperature 
Gematol) CC)... ee len ec ec ee ce we od wees 1.8 W 
Storage Temperature Range.............. -65 to +200°C a 
Lead Temperature 
(1/16” from case for 10 seconds).............. 300°C eG ! ) 
*ELECTRICAL CHARACTERISTICS (25°C unless otherwise noted) 
2N4856 Pape eee | oe 
Characteristic 2N4859 Pape 2N4861 Unit Test Conditions 
ie Marcy | ater | Menc| cMiit | 7 Maxe) 
3 roam — 
: s IGss Gate Reverse Current —— a 
6 x n 
f SaaS ae a 


— 75 0. — 0. ea 
11 Vv D N Vol = 
MiGsiei0: 
12 Tds(on) Drain-Source ON Resistance ieee i= 1 kHz 
Dia 
v 


| Ciss__- Common-Source Input Capacitance Common-Source Input | Ciss__- Common-Source Input Capacitance 
Cc ¥ps=0 f=1MHz 
[eee Sen 
os 
td(on) Turn-ON Delay Time ae ie, Bs ina 
[-10] {[-6] [-4] 


15/s 

Ww 

: eee am 464 2, 2N4856, 59 
16 |e |, Rise Time 1201 (10) e) (mA) pocienl (), PL= 1953 &, 2N4857, 60 

H [-10] [6] [-4] } tv} | Olen) : 1910 2, 2N4858, 61 

Ves(off) = [1 

25 50 100 
[-10] {[-6] {-4] | [V] 
NC 
* JEDEC registered data. Vpp-Vps(ON) 
RL= —“T5(ON) «INPUT PULSE SAMPLING SCOPE 

NOTE: VIN Vout RISE TIME 0.25 ns RISE TIME 0.75 ns 
1. Pulse test required, pulsewidth = 100 us, duty cycle < 10%. Rg S$ FALL TIME 0.75 ns INPUT RESISTANCE 1M 


502 PULSE WIDTH 100 ns INPUT CAPACITANCE 2.5 pF 
= = PULSE DUTY CYCLE < 10% 


XLNVE LOSVNE O98UNZ 6S8PYNZ 8S8YNZ ZS8UNZ 9S8UNZ 


xiIuoD! 


2N4856A 2N4857A 2N4858A 
2N4859A 2N4860A 2N4861A 


iconix 


Sil 


n-channel JFETs site nin 


Performance Curves NC 


designed for ee @ See Section 4 


# Analog Switches BENEFITS 


@ Low Insertion Loss and High Accuracy 


'DS(on) < 25 & (2N4856A, 59A) 


@ High Off-lsolation 
ID(off) < 250 pA 


@ Short Sample and Hold Aperture Time 


m Choppers 
& Integrator Reset Switch 


Criss < 4 pF 

* ABSOLUTE MAXIMUM RATINGS (25°C) @ High Speed 
Reverse Gate-Drain or Gate-Source Voltage, ton <8 ns 

2NASSEASOSAY tate postin reece: cette —40 V 
Reverse Gate-Drain or Gate-Source Voltage, TO-18 

DN GE5OANG 1 At» sik 7 4g ore aeons lite ian —30 V Paty 
Gate’ Ghptetiey core ks tele ie wena sa ele chet sare Gee 50 mA 
Total Device Dissipation at 25°C Case Temperature 

(Derares) OW :G)\ uc ree 8 oe ee a 1.8 W Y 
Storage Temperature Range ............ —65 to +200°C 
Lead Temperature - 

(1/16 from ¢ase’ for 10 seconds)}?? 2.2... 2. 


2N4856A 
Ts 


ta 

1 

2 BVGss Voltage | -30 | 

; [eal 2280. | 106 | F260 = Vgs = -20V, 

3 s loss Gate Reverse Current Kine! ae vey 

10 emer Saturation Drain |Ipss___ Saturation Drain Current (Note 1) | See A RCRRTES 0 
a A Sa aes 
12 


a 


13 y Ciss Common-Source Input Capacitance 


14 Common-Source Reverse Transfer 
Crss Capacitance 
d(on) Turn-ON Delay Time our a eS tea 
[-10] [6] {-4] | [Vv] 
peo x eo 464 2, 2N4856A, 59A 
Rise Time ro to I (mA) joston) ) RL = 1953 2, 2N4857A, 60A 
[-10] faiipivy [plod as 1910 2, 2N4858A, 61A 
VGsi(off) = [) 
toff Turn-OFF Time oi Hay a cere 
{-10] ([-6] [4] | [Vv] 


*JEDEC registered data. Vpp 


Vipsi3-0; 
ViGSi= a OLV) 


f=1 MHz 


15 


Qa2-roOA4-su 


NOTE: R, - V20-VDs(ON) 
Pp : 4 Z a D . ID(ON) INPUT PULSE SAMPLING SCOPE 
1. Pulse test required, pulsewidth = 100 us, duty cycle < 10%. on Venn RISE TIME 0.26 m RISE TIMER 
Rg s FALL TIME 0.75 ns INPUT RESISTANCE 1M 


502 PULSE WIDTH 100 ns INPUT CAPACITANCE 2.5 pF 
= = PULSE DUTY CYCLE < 10% 
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n-channel JFETs 5 


Siliconix 


designed fer eatgr ve Performance Curves NS 


See Section 4 


= Audio and Sub-Audio BENEFITS 


Amplifiers . © Ultra Low Noise_ 
€y = 8 nVA/Hz Typical at 10 Hz 


@, = 2nVA/Hz Typical at 1 kHz 


*ABSOLUTE MAXIMUM RATINGS (25°C) TO-72 


See Section 6 
Gate-Drain or Gate-Source Voltage (Note 1) ........ -40 V 
Gate Current or Drain Current ................. 50 mA 
Total Device Dissipation 
perere i WOW) Ghee 896.6. ee ec ee ee 300 mW . 
Storage Temperature Range.............. -65 to +200°C 
Lead Temperature : 


(1/16’’ from case for 60 seconds) ............... 


*ELECTRICAL CHARACTERISTICS (25°C unless otherwise noted) 


2N4867 2N4868 2N4869 
Characteristic 2N4867A 2N4868A 2N4869A Test Conditions 


-0.25 , -0.25 -0.25)] nA 
A 
! 
Cc 


Aa 
SN] O 
gle 


BVGss Gate-Source Breakdown Voltage - Ig =-1uUA, Vps =0 


[ae eT) ee 
VGS(off) Gate-Source Cutoff Voltage -0. FOES PT Vps =20V,Ip=1uA 


Saturation Drain Current 
(Note 2) 


Common-Source Forward 
6 Sfs Transconductance (Note 2) 700 | 2000 
7 Common-Source Output 
Sos Conductance 


8 Cc Common-Source Reverse Transfer 
ss Capacitance 


= 
Nh 


= 
163] 


Vps = 20 V, VGs =0 


9 : Common-Source Input 
Capacitance 


2N4867 Series 
f= 10 Hz 
Vps = 10 V,|_2N4867A Series 
Eo Ek 10} z | VGs=9 2N4867 Series 
f=1kHz 
ab Sed £5 | 2N4867A Series 
Vps = 10 V, Vgs =0 
_ 20K, 2N4867 Series} f = 1 kHz 
Rgen ig 


5 K, 2N4867A Series 


Short Circuit Equivalent Input 
12 Noise Voltage 


14 Spot Noise Figure 


*JEDEC registered data. 


NOTES: 
1. Due to symmetrical geometry, these units may be operated with source and drain leads interchanged. 
2. Pulse test duration = 2 ms. 
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» V698UNZ 698PNZ V898UNZ S9SUNZ VWZ98PNZ L9O8UNC 


xXIuUuoODdI 


2N5018 2N5019 


iconix 


designed for... 


= Analog Switches 
= Commutators 


m= Choppers 


*ABSOLUTE MAXIMUM RATINGS (25°C) 


Reverse Gate-Drain or Gate-Source Voltage 
(Note 1) 

Gate Current eee 

Total Device Dissipation, Free-Air 
(Derate 3 mW/°C) 

Storage Temperature Range 

Lead Temperature 

(1/16” from case for 60 seconds) 


Characteristic 


BVGss Gate-Source Breakdown Voltage 


<) VDS(on) Drain-Source ON Voltage 


n 
n 


Static Drain-Source ON 


'DS(on) Resistance 


ds(on) Drain-Source ON Resistance 


Common-Source Input 
Capacitance 


O 
nn 
on” 


alee 
Steet dees 


Common-Source Reverse 
Transfer Capacitance 


Turn-ON Delay Time 


Crss 


141 $} td(on) 
mM Rise Time 
Turn-OFF Delay Time 


Fall Time 


—_ 
ol 
bs 
| 
—_ 
(2) 


16] 0 | taloft) 
17|H 


+ 
A 


* JEDEC registered data. 


NOTE: 


1. Due to symmetrical geometry these units may be operated with 
source and drain leads interchanged. 


p-channel JFETs 


. 500 mW = 
~65 to +200°C 


*ELECTRICAL CHARACTERISTICS (25°C unless otherwise noted) 


| Min | Max | 


a 


: 
2 IGss Gate Reverse Current Hevesi 2 bias |e as 
n 

3 

S 
i Papert 
7 4 VGS (off) Gate-Source Cutoff Voltage taro [ieee 
g} Cc Saturation Drain Current 


ikea 9 | Ba 
Eom coe 
i cee 


Ee aleeee 

eee bo a 

nr OE 
Ts 


me VGs(off) — 'D(on) RL 

bi: og Sen fe 2N5018 i2V ° -6mAé 910 2 

so} | 100 2N5019 7V Sao 
PS 


5 
Performance Curves PS 
See Section 4 


BENEFITS 
® Low Insertion Loss 
DS(on) < 75 Q (2N5018) 


@ No Offset or Error Voltages Generated 
by Closed Switch 
Purely Resistive 


TO-18 
See Section 6 


30 V 
.50 mA 


300°C s 


Test Conditions 


VGs=15.V.,Vips = 0 
Vps =-15 V, Ves = 12 V (2N5018) 


VpG =-15 V, Is =0 


| 85 | V_ | Vps=-18V, Ip =-1 HA 


Vps =—20'V, Ves =0 


Vcs = 0, Ip =-6 mA (2N5018), 
Ip =-3 mA (2N5019) 


150°C 


V.DS ia UA GSO 

F f = 1 MHz 
Vps = 0, Vgs = 12 V (2N5018), 
VoGs =7 V (2N5019) 


Vpp =-6 V, VGs(on) = 9 


INPUT PULSE 


RISE TIME < 1ns 

FALL TIME < 1ns 

PULSE WIDTH 100 ns 
REPETITION RATE 1 MHz 


SAMPLING SCOPE 


RISE TIME 0.4 ns 
INPUT RESISTANCE 10 M&Q2 
INPUT CAPACITANCE 1.5 pF 


SAMPLING 
SCOPE 


2-22 


monolithic dual ith 
n-channel JFETs 


designed for .. . i pina 


= High Gain Differential BENEFITS 


Amplifiers @ Minimum System Error and 
Calibration 


5 mV Offset Maximum (2N5045) 
@ Low Drift 
5 mV Drift Maximum (2N5045) 


LVOSNZ 9SPOSNZ SVOSNZ 


TO-71 
See Section 6 


*ABSOLUTE MAXIMUM RATINGS (25°C) D D2 
Gate-Drain or Gate-Source Voltage G1 G2 
Forward Gate Current : i 
1 2 
$2 D2 G2 
Gy D; $1 


Total Dissipation (25°C Free Air Temp.) 
Power Derating (to 175°C) 2.67 mW/°C 
Storage Temperature Range -65 to +200°C 
Lead Temperature 

(1/16” from case for 10 seconds) 


Bottom View 


*ELECTRICAL CHARACTERISTICS (25°C unless otherwise noted) 


Characteristic (Note 1) Test Conditions 


3 
=| = ze) = iy (Pa ed | 
° 


Ves =-50V, Vps=0V 


A |Vas=-30V, Vps =0V 
“36 oF ney T = 150°C 


Vps=15V,Ip =0.5nA 


1 
oO 
NO 
oI 


Gate Reverse Current 


o 


1 | VGS(off) Gate-Source Cutoff Voltage 
Ipss Drain Saturation Current 


Common-Source Forward 


Sfs Transconductance f=1kHz 


Common-Source Forward a 
vss Admittance f = 100 MHz 


Common-Source Output 


D 
4 Jos Conductance f=1kHz 


A Ciss Common-Source Input Vps = 15 V, Vgs =0V 


M Capacitance 
Cc Common-Source Reverse 
Fss Transfer Capacitance 
N Spot Noise Figure 
z Equivalent Short-Circuit 
n Input Noise Voltage 
lligss1-lGss2! Differential Gate Current 


Ipss1/Ipss2 Drain Current Ratio (Note 2) 0. 


f= 1MHz 


f= 10 Hz, Rg=1MQ 


= 10 Hz 


nA |VGgs=-15V,Vps=0V_ | Ta = 100°C 


VGs=0V, Vps=15V 


oa 


oO i=) oa o 


\ 
c 
M 
A Ip = 50uA 
Ip = 200 vA 
Vps = 15 V, Ip = 200 uA, | Tg =-25°C 


Ta = 25°C Tp = 100°C 


Differential Gate-Source 


Voltage Vps= 15 


Vgs1-Vesa2! 


AIV SV) Gate-Source Voltage 
; IVGs1-VGs2! Differential Drift (Note 3) 


Ofs1/9fs2 Transconductance Ratio 
(Note 2) 


\Gos1 -Gos2! Diff. Output Conauctance 


Vps=15V,Ip=200uA | f=1kHz 


= 
3 
=r 


o ay 
ol 


*JEDEC registered data. 


NOTES: 

1. Individual FET characteristics. The terminals of the FET not under test are open-circuited for these measurements. . 
2. Assumes smaller value in numerator. 

3. Measured at end points, Ta and Tg. 


MIUODI 
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2N5114 2N5115 2N5116 (JAN PENDING) 


iconix 


p-channel JFETs 


designed for... 


= Analog Switches 
=&# Commutators 


= Choppers 


m Integrator Reset Switch 


*ABSOLUTE MAXIMUM RATINGS (25°C) 


Reverse Gate-Drain or Gate-Source Voltage 
(Note 1) 

Gate Current 

Total Device Dissipation, Eree: Air 
(Derate 3 mW/°C) 

Storage Temperature Range 

Lead Temperature 
(1/16” from case for 10 seconds) 


.50 


500 


$5 
Siliconix 
Performance Curves PS 
See Section 4 


BENEFITS 


© Simplifies Series-Shunt Switching when 
Combined with 2N4393, its N-Channel 
Complement 

@ Low Insertion Loss in Switching 
Systems rps(on) < 75 &2 (2N5114) 

@ Short Sample and Hold Aperture Time 

Crss < 7 pF 
@ High Off-lsolation Ip(off) < 500 pA 


TO-18 
See Section 6 


30 V 


mA 


mW 


—65 to +200°C 


300°C 


*ELECTRICAL CHARACTERISTICS (25°C unless otherwise noted) 


Characteristic Se 
[avGss Gate Sours Breokdown vows | 90 | | a0] 
|_|] S00] [500 | 
ai Se a Pee 


IGss Gate Reverse Current 


ID (off) Drain Cutoff Current 


| 
Te fol et «| 


Ipss Saturation Drain Current (Note 2) }-30 | -20 |-15 | -0. 


VGS(f) Forward Gate-Source Voltage fie REE 


oe 
Frdslon) —DrairSouree ON Resistance | 75 | | 100, 
* [Gis __CormanSouree Input apace || 28 || 8 


Common-Source Reverse Transfer Cra jens Pes Ded 


Capacitance 


td(on) Turn-ON Delay Time fe tunonownree | a] | 


Rise Time rs ee ee 
ey eo Ged seeped ange 


na A 


*JEDEC registered data. 


NOTES: 

1. Due to symmetrical geometry these units may be operated with 
source and drain leads interchanged. 

2. Pulse Test PW 300 us, duty cycle < 3%. 


Drain-Source ON Voltage 


Crss 


15 


a 
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mae }-1.0} | -1.0 | #A | vgg=5 v (2N5116) 


rere Test Conditions 
Pao [|v [ig 1H vos=0 
Pa ems 


500 | pa | Vps = —15 V, Vos = 12 V (2N5114) 


VGs = 7 V (2N5115), 


150°C 


150°C 
Vps=-15V,Ip=-1nA 


VG6s = 0, Vps = —18 V (2N5114) 
~28 = —15 V (2N5115, 2N5116) 


G=-1mA, Vps=0 


Baw ae 


ae 
Ves - 0, Ip = —15 mA (2N5114) 
Ip = —7 mA (2N5115), Ip = —3 mA (2N5116) 


Sa wo: car ves=0, eo 


gd SR 26 | Voss SIGacal a | Vps=-15,VGs=0 sd f= 1 MHz 
nee Vps = 0, Vgs = 12 V (2N5114) 


VGs = 7 V (2N5115), Vag = 5 V (2N5116) 
aes ST ES 2N5116 


yaa 
Rt 


VGS(on) 
ID(on) 


SAMPLING SCOPE 


RISE TIME 0.4 ns 
INPUT RESISTANCE 10 MQ 
INPUT CAPACITANCE 1.5 pF 


INPUT PULSE 


RISE TIME < 1ns 

FALL TIME < 1ns 

PULSE WIDTH 100 ns 
REPETITION RATE 1 MHz 


SAMPLING 
SCOPE 


monolithic dual Ss 


Siliconix 


n-channel JFETs Performance Curves NQP 


See Section 4 


designed for © 0-6 BENEFITS 


@ Minimum System Error and Calibration 
a Differential Amplifiers i 5 hie eae Offset (2N5196, 97) 
e@ Low Drift 
ma FET Input Op Amps 5 uV/°C Maximum (2N5196) 
@ Simplifies Amplifier Design 
Low Output Conductance 


TO-71 
*ABSOLUTE MAXIMUM RATINGS (25°C) See Section 6 


Gate-Drain or Gate-Source Voltage 

Gate Current 

Device Dissipation (Each Side), Ta = 85°C 
(Derate 2.56 mW/°C) 

Total Device Dissipation, T , = 85°C 
(Derate 4.3 mW/°C) 

Storage Temperature Range 


661SNZ S6LSNZ ZL6LSNZ 96LSNZ 


Bottom View 


*ELECTRICAL CHARACTERISTICS (25°C ae otherwise noted) 


Characteristic pte Test Conditions 


IGss Gate Reverse Current VGs = -30 V, Vps = 0 T60°C 
S| BVGss _ Gate-Source Breakdown Voltage Ig =-1 HA, Vps = 0 
a VGS(off) Gate-Source Cutoff Voltage 3 Vps=20V,iIp=1nA 

VGs Gate-Source Voltage 


Cl ic Gate Operating Current Ate 
Ofs Common-Source Forward Transconductance 
GOfs Common-Source Forward Transconductance ey kee 
D]| 9os Common-Source Output Conductance 
Y Gos Common-Source Output Conductance 


rn 
Ciss Common-Source Input Capacitance HP PSone: | 


: Crss Common-Source Reverse Transfer Capacitance ae 


Vps = 20 V, Ves = 0 f = 100 Hz, 
nv 
Equivalent Short-Circuit Input Noise Voltage peta Yt 


Es pas 197 
Characteristic Test Conditions 


Vv 20 V, 
ty ene acd aoeceGecs ip= 200ua|| © 
'pss1 Saturation Drain Current Ratio Vps = 20 V, Ves =0V 
Ipss2 (Note 1) 


Sfs1 Transconductance Ratio 0.97 0.97 
r > Se (Note 1) 
h | Wqsi-V@s2!__ Differential Gate-Source Voltage | Differential Gate-Source Voltage |_| 
M a = 20'V, 
G AlVGs1-VGsz2! Gate-Source Differential Voltage 20 Ip = 200 nA 
—————_ Change with Temperature uv/c 
| [eovecal ormeniaonnncoaeme! [+> [«f -o{ [7 


* JEDEC registered data. 
NOTES: 
1. Assumes smaller value in numerator. 2. Measured at end points, Ta and Tp. 


f= 1 MHz 


f=1kHz 


O) 


xiIuUuond! 
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2N5432 2N5433 2N5434 


PLASTIC EQUIVALENT J108 SERIES 


iconix 


Ss 


n-channel JFETs 


designed for... 


*ABSOLUTE MAXIMUM RATINGS (25°C) 


Reverse Gate-Drain or Gate-Source Voltage 
Gate Current 
Drain Current 
Total Device Dissipation at 25°C 
Free-Air Temperature (Note 1) 
Storage Temperature Range 
Lead Temperature 
(1/16 from case for 10 seconds) 


Bef 
Siliconix 
Performance Curves NIP 
See Section 4 


BENEFITS 
@ Low Insertion Loss 
DS(on) <5 & (2N5432) 
@ Small Error in Measurement Systems | 
VDS(on) < 50 mV (2N5432) 
High Off-lsolation 
ID(off) < 200 pA 
High Speed 
td(on) <4ns 
Low Noise Audio-Frequency Ampli- 


fication 
@€n < 2 nVA/Hz at 1 kHz Typical 


TO-52 
See Section 6 


D 
G 
s 


*ELECTRICAL CHARACTERISTICS (25°C unless otherwise noted) 


Characteristic 


IGss Gate Reverse Current 
BVGss Gate Source Breakdown Voltage 


) ID (off) Drain Cutoff Current 


4pA% 


VGS(off) Gate-Source Cutoff Voltage 


oO- 


Saturation Drain Current 
DSS (Note 2) 


'DS(on) Static Drain-Source ON Resistance 
VDS(on) Drain-Source ON Voltage 


rds(on) Drain-Source ON Resistance 


Ciss Common-Source Input Capacitance 


Common-Source Reverse Transfer 


Crss Capacitance 


td(on) Turn-ON Delay Time 
tr Rise Time 


td(off) Turn-OFF Delay Time 


tf Fall Time 


*JEDEC registered data. 


NOTES: 
1. Derate linearly at the rate of 2.3 mw/°C. 
2. Pulse test required pulsewidth 300 us, duty cycle < 3%. 


eee 
[-200[ | -200| wa | 


[a 200 [a Ti-2o0 [F200 [sna fet Sey an 
| V_|ig=-1HA, Vps=0 


in | Max 
re] 2007 aor 


Test Conditions 


150°C 


Vgs=0,Ip =10mA 


Vpp =1.5V, 
VGS(on) = 0, 
VGS(off) = -12 V, 
ID(on) = 10 mA 


145 Q (2N5432) 
RL = 143 Q (2N5433) 
140 Q (2N5434) 


NIP 


_ Vpb-VDs(ON) 
'D(ON) INPUT PULSE 
Vout RISE TIME 0.25 ns RISE TIME 0.4 ns 
FALL TIME 0.75 ns INPUT RESISTANCE 10M 
PULSE WIDTH 200ns__ INPUT CAPACITANCE 1.5 pF 
PULSE RATE 550 pps 


SAMPLING SCOPE 


matched dual 
n-channel JFETs 


designed for... 


= Low and Medium Frequency 
Differential Amplifiers 


*ABSOLUTE MAXIMUM RATINGS (25°C) 


Any Lead-To-Case Voltage................ 000 +100 V 
Gate-Drain or Gate-Source Voltage -50 V 
Gatet-Gate Voltage 1... ct ee ee ee hee +100 V 
Gate Current 
Total Device Dissipation 85°C (Each Side) 
Case Temperature (Both Sides) 
Power Derating (Each Side) 2.86 mW/°C 
(Both Sides) 4.3 mW/°C 
Storage Temperature Range -65 to +250°C 
Lead Temperature (1/16” from case for 10 seconds) .. . 300°C 


*ELECTRICAL CHARACTERISTICS (25°C unless otherwise noted) 


Characteristic 


IGss Gate Reverse Current 


Gate-Source Breakdown 
Voltage 


Gate-Source Cutoff 
Voltage 


BVGss 


VGS(off) 
VGS 
VGS(f) 
IDSs 


Gate-Source Voltage 
Gate-Source Forward Voltage 


Drain Saturation Current 


Common-Source Forward 


Sfs Transconductance 


Common-Source Output 
Sos Conductance 


Common-Source Input 
Capacitance 


O 
3 


Common-Source Reverse 
Transfer Capacitance 


Drain-Gate Capacitance 


Equivalent Short Circuit 
Input Noise Voltage 


Common-Source Spot 

Noise Figure 

Drain Saturation Current Ratio 
(Note 1) 


Differential Gate-Source 
Voltage 


Ipss1/Ipss2 


Vgs1-VGso2! 


Gate-Source Voltage 
AlVgs1-VGs2! Differential Change with 
Temperature 


Transconductance Ratio 
(Note 1) 


Differential Output 
Conductance 


NOTE: 
1. Assumes smaller value in numerator. 


9f51/9Fs2 


I991-Sos2! 
*JEDEC registered data 
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Siliconix 


Performance Curves NQP 
See Section 4 


BENEFITS 


@ Minimum System Error and Calibra- 
tion 
5 mV Offset Maximum (2N5452) 
@ Simplifies Amplifier Design 
Output Conductance Less that 
1 umho 


TO-71 
See Section 6 


Bottom View 
(ALTERNATE) 


Test Conditions 


VGs =-30 V, Vps=0V z 
GS DS Ta = 150°C 


Vps=0V,1G=-1HA 


Unit 


3 oe ie & 
= N= |S o Mr Seles reall cas ro} 25 || 5 o}]o 
o jalo o oO lal ojo r=) Nie] ow ole 


=| |e) 
> 


Vps=20V,Ip=1nA 
Vps = 20 V, Ip = 50 uA 
Vps=0V,IG=1mA 

A |Vps=20V,VGs=0V 


3 


= 


f=1kHz 


Vps =20V, VGgs=0V f = 100 MHz 


Vp 20 12 200 WA Ge 


Vps = 20 V,VGgs=0V 


VpG = 10 V, Is =0V 


Vps =20V,VG@s=0V 


Vps=20V,VGs=O0V, 
Rg = 10 MQ 


Vps = 20 V,Vqgs=0V 


T = 25°C to -55°C 
Vps = 20 V, Ip = 200 uA 


f= 1kHz 


i) 
N 
o 
i= 


T = 25°C to +125°C 


SaINaS 9S6LSNZ SLUVd GaiddadIdd 
VSUSNZ CSVSNZ CSVSNZ 


xiuoo!i 


n-channel JFETs 
designed for... 


= General Purpose Amplifiers 
@ Switches 


*ABSOLUTE MAXIMUM RATINGS (25°C) 


2N5457 2N5458 2N5459 


Drain-Source’ Voltage “ge ee . we weh Ore. 25 V 
Drain=Gate Voltage 2 ss sss ce cei: oe acre We lee 25 V 
Source-Gate Voltage jo.na2 6... ences cease MOOK. 25 V 
Total Device Dissipation at 25°C ............... 310 mW 

Deratembove 25° Coo bea ed 2.82 mW/°C 
Operating Junction Temperature ................ 135°C 
Storage Temperature Range.............. -65 to +150°C 


N 
2 
a 
S 
Qa 
N 


Characteristic 


IGss Gate Reverse Current Fea 7 
-200 
BVcss _Gate-Source Breakdown} = _9 =95 
Voltage 
Gate-Source Cutoff i; JL c6oP eno) 


Voltage 


1 
oO 


VGS(off) 


| Saturation Drain 
DSS Current 


Common-Source For- 
Sfs ward Transconductance |’ 
g Common-Source Out- 
3 put Conductance 
Cc; Common-Source Input 
'SS Capacitance 


= 
jo} 
o 
oO 


4.5 


Common-Source Re- 
rss verse Transfer Capaci- 
tance 


Noise Figure 


3° o fee} Nn | O 
i?) 


(=) 


*JEDEC registered data 
NOTE: 
1. Pulse test pulsewidth = 2 ms. 


iconix 
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*ELECTRICAL CHARACTERISTICS (25°C unless otherwise noted) 


1 
N 
j=) 
j=) 
! 
N 
oa 


° 


5,500] 2,000 


psy 


Siliconix 


Performance Curves NRL, NP 
See Section 4 


BENEFITS 
@ Low Cost 
® Automated Insertion Package 


Plastic 


TO-92 
See Section 6 


D 
G 
G Ss 
D 


Bottom View 


n 


Source & Drain 
Interchangeable 


+ 
< 
uo) 


j | 
(2) 
> N Oo 
o io) 28 
2 ' 
° N 
Ww w “ a =) =) 
ro) oO ° ro) =) oS 
1s 
3 
ai 
° 


Ig = -10HA, Vps = 0 
Vv 
Vps = 15 V,Ip=10nA 
Vps = 15 V, Ves = 0 (Note 1) 


t=aitkhiz 


Vps= 15 V, VGS 0 


f = 1 MHz 


Vps =15 VeVvGs=0 
Rg = 1 MQ, f= 1kHz 
NBW =1 Hz 


NRL, NP 


n-channel JFETs 


designed for... 
= VHF/UHF Amplifiers 

= Mixers 

@ Oscillators 


= Analog Switches 


* ABSOLUTE MAXIMUM RATINGS (25°C) 
Drain-Gate Voltage 

Source Gate Voltage 

Drain Current 


Total Device Dissipation @ 25°C 
Derate above 25°C 
Operating Junction Temperature Range 
Storage Temperature Range 
Lead Temperature 
(1/16 from case for 10 seconds) 


5 


Siliconix 


Performance Curves NH 
See Section 4 


BENEFITS 
@ Low Cost 


@ Completely Specified for 400 MHz 
Operation 
@ Low Error Analog Switch 
Very Little Charge Coupling 
Crsg < 1.0 pF 


Plastic 


TO-92 
See Section 6 


G 
D 
s 


Bottom View 


*ELECTRICAL CHARACTERISTICS (25°C unless otherwise noted) Roce Sosp 


Characteristic 


IGss Gate Reverse Current 


: Gate-Source Breakdown 
BVGss olson 


Common-Source Output 
Conductance 


Common-Source Forward 


Interchangeable 


Test Conditions 


VGs = -20 V, Vps = 0 
a day Ta = +100°C 


Ig =-1uA, Vps=0 


Vps = 15 V,Ip=10nA 


Vps = 15 V, Ves = 0 (Note 1) 


f = 100 MHz 


Re(y 5) Transconductance se 
i) ad 
De crmadacource cunt ili oebvvboch. [dace t| | f= 100 MHz 
ss 28 Conductance peewee Moefe-tno-f-- 4] 100} 1 Voga45 Vi Vas =0 f =400 MHz 
ne, Common-Source input | | MO] | | f= 100 MHz 
ae a a i a 


C: Common-Source Input 
iss Capacitance 

Cc Common-Source Reverse 
rss Transfer Capacitance 


ro) 


meio N N] oN 2 
oO};}o oO (os oe) 


1.0 


N oO 
fs) fo) 
N 
fos) 


Cc Common-Source Output 
oss Capacitance 


Noise Figure 


Common-Source Power 
Gain 


* JEDEC registered data 


NOTE: 
1 Pulse Test PW 300 Us, duty cycle <3% 
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Vps = 15 V, Vgsg =0,RG=1MQ [f= 1kHz 


Vos = 15 V, Ip =1mA, RG = 1k 
f = 100 MHz 


Vince PSV ihe 4 uncer eeeteG? 
DS B 3 f = 400 MHz 


Vps = 15 V, Ip =1mA 
he ; f = 100 MHz 


Vps= 15, VF" 4mA 
OS Hi f = 400 MHz 


Q xe} 
oO AR 


98VSNZ S8VSNZ V8PSNZ 


xiIuoodI 


2N5515 2N5516 2N5517 2N5518 2N5519 
2N5520 2N5521 2N5522 2N5523 2N5524 


iconix 


matched dual eg 
n-channel JFETs ah ey Curves NNR/NS-D 


al ® & BENEFITS 
esigned or eo @ @ @ Ultra-Low Noise 
@n = 8 nVA/Hz at 10 Hz (Typical) 
p eras @y = 2 nVA/Hz at 1 kHz (Typical) 
Bs Differential Amplifiers @ Minimum System Error and Calibration 
5 mV Offset Maximum 
CMRR > 100 dB 


TO-71 
ABSOLUTE MAXIMUM RATINGS (25°C) See Section 6 


Gate-Drain or Gate-Source Voltage ............... -40 V 

Gate Cuenta crs eet eee LN cere nee 50 mA 

Device Dissipation (Each Side), Ta = 85°C 
(Derategz-O. mW/1C) se ers Ct eee 250 mW 

Total Device Dissipation, T~ = 85°C 
(Deraters;0'mW/" G) veer 375 mW 

Storage Temperature Range.............. -65 to + 200°C 

Lead Temperature Ls: ol & 
(T/A 16igtrom casetidi30 seconds) 225.00 ana 3007C Botionn Vion 0 OTe 

(ALTERNATE) 


*ELECTRICAL CHARACTERISTICS (25°C unless otherwise noted) 


4000 


Vos =20V,VGgs=0 
pene | OG > 28 27 1D eZDORO ea: 


Vps = 20 V, Vgs =0 
VpoG = 20 V, Ip = 200 vA 


pF Vps = 20 V, V6s =0 f=1MHz 
n 


f = 10 Hz 


1000 


Common-Source Forward Transconductance 
= Equivalent Short Circuit Input eu al 
En 


2N5516,21 | 2N5517,22 


Characteristic | Min | Max | Unit | Test Conditions 
i [rat 1] 2260 aft pa 
IGss Gate Reverse Current VGgs = -30 V, Vps = 0 : 
2 er Uppeka2eDg nA 150°C 
3} BV Gate-Source Breakdown Voltage Ig =-1 HA, Vps =0 
T GSS 
41 A | VGS(off) Gate-Source Cutoff Voltage Vv Vos =20V,Ip=1nA 
5 iW Vv Gate Source Voltage 
4 P| 1002] Vos =20V, 1p = 200 ua 
6 IG Gate Operating Current 5 
OB AP Sr0o |e pail 126°C 
7 Ipss Saturation Drain Current (Note 1) Vps = 20 V, VGs =0 


25 
5 


VpG = 20 V, Ip = 200 nA 


Noise Voltage 


fs (Note 1) 
D 
Y 
N 
A 
M 
\ 
© 


sft 
3 | 


f = 1kHz 


2N5518,23] 2N5519,24 


Characteristic Test Conditions 


HA 
cS 
=i 
=: 


v Differential Gate VpG=20V, ° 
IDss1 Saturation Drain 
16 | Current Ratio 0.95 1 10.95 1} O95 110195 1 Vps = 20 V, Vgs =0 
DSS2 (Notes 1 and 2) 
Differential Gate- 
ese Od 
A A=) 25:6 
T | Alvgsg1-Vgsq! Gate-Source Voltage 5 10 20 Tp =125°C 
18 | C |——————_ Differential Drift uVv/°C - 
H AT (Note 3) 5 a Ta = -55°C 
I 2 Tg = 25°C 
N Ip = 200 pA B 
G Differential Output 
f=1kHz 
9fs1 Transconductance 
Common Mode Vpp = 10 to 20 V, 
21 CMRR Rejection Ratio 100 100 a 
(Note 4) Upersee ee 
* JEDEC registered data. 3. Measured at end points, Ta and Tp. NNR 
NOTES: AVpDpD NS-D 
1. Pulse test required, pulsewidth = 300 ps, duty cycle < 3%. 4. CMRR = 20log10 [- »AVDD = 10V. 
:; AlVGs1-V6sal 
2. Assumes smaller value in numerator. 


2-30 


monolithic dual cg 


Siliconix 


n-channel JFETs Performance Curves NQP 


See Section 4 


designed for ee BENEFITS 


@ High Input Impedance 
Ig < 50 pA 
eo General Purpose ® Minimum System Error and Calibra- 


Differential Amplifiers tion 
5 mV Offset Maximum (2N5545) 


*ABSOLUTE MAXIMUM RATINGS (25°C) : Sak é 
(>) ction 
Gate-Drain or Gate-Source Voltage i 


Gate Current 
Device Dissipation (Each Side), Ta = 25°C Gy 
(Derate 1.67 mW/°C) 


Total Device Dissipation, TA = 25°C 
(Derate 2.67 mW/°C) 

Storage Temperature Range 

Lead Temperature 
(1/16” from case for 30 seconds) 


LUSSNZ SVSSNZ SUSSNZ 


Bottom View 


*ELECTRICAL CHARACTERISTICS (25°C unless otherwise noted) 


Characteristic | Min | Max | Unit | Test Conditions 


pA : 
IGSS Gate Reverse Current VGs = -30 V, Vps = 0 oes : 
n TA = 150 


TBVGss Gate Source Breakdown Voltage. Gate-Source Breakdown Voltage oe DE Ig =-1 uA, Vps=0 


“asieth Gate-Source Cutoff Voltage Serr arena Vps=15V,Ip=0.5nA 
Gate Operating Current Sieh Pre ea VpG = 15 V, Ip = 200 uA 

— Saturation Drain Current eae URS 9 ee es a ae Vps=:l5V; Ves =0 
Common-Source Forward Transconductance 1500 6000 nan 
Common-Source Output Conductance iid ee ed ee 


Common-Source Input Capacitance cue Laue ree chron F YoS=15.V..NGS= 0 f=1MHz 
Common-Source Reverse Transfer Capacitance 3] oF 

3 «| f= 10 Hz, 
fresh Revasbonan® WN 

7 a Reo 

2b Vid» 200, Cay 


f= 1 kHz 


OLSOINI OI a) Pil win]— 


Spot Noise Figure 


VpG = 15 V, | 2N5546 Rg =1MQ 


Ip = 204A [anesas | 
Equivalent Short Circuit Input Noise Voltage oN le dlsansatte = 10 Hz 


(ae | awssas | 2n546 | 25547 cvs 
aracteristic tions 
3 [ie [ef oe fe Tod 
icon ca TE Tan 


IDSS1 Saturation Drain Current 
Ipss2 Ratio (Note 1) 0.95 Vps = 15V,VGs=0 


Differential Gate-Source Ip = 50 uA 
Vv -V | 
Gs1-VGs2 Voltage eopadA 
TA = 257 
° 
AlVgs1-VGs2! Gate-Source Voltage Tg = 125°C 
At. Differential Drift (Note 2) Ta =-55°C 
Tg = 25°C 


VpG = 15 V, Ip = 200 uA 
Sfs1 Transconductance Ratio 


Ofs2 (Note 1) f ‘ 7 f=1kHz 


Differential Output 
Conductance 


18 los 1-Gos2! 


* JEDEC registered data. 

NOTES: 

1. Assumes smaller value in numerator. 
2. Measured at end points, TA and Tg. 


xIuUuodI 
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2N5564 2N5565 2N5566 


PREFERRED PARTS DN5564 SERIES 


iconix 


17 


1. 
23 
3. 


matched dual sien. 
n-channel JFETs 


designed for © @ @ See Section 4 


& Wideband Differential BENEFITS 


= Commutators ® Specified Matching Characteristics 
*ABSOLUTE MAXIMUM RATINGS (25°C) TO-71 
Gate-Gate Voltage ...... Res ES eae +80 V atqun 


D4 D2 
Gate-Drain or Gate-Source Voltage .............. -40 V 
Gate’ CLUTCH Gh iets stot set hice eee eeitee ee ce Na nae 50 mA G; Go 
$4 S2 


Device Dissipation (Each Side), Ta = 25°C 


Total Device Dissipation, Ta = 25°C 


(Derate 23 mW/LC) cee Ree ete nena 650 mW 
Storage Temperature Range.............. -65 to +200°C Abid sh 
Lead Temperature a1 


*ELECTRICAL CHARACTERISTICS (25°C unless otherwise noted) 


*JEDEC registered data. 
NOTES: 


boy 


Performance Curves NC 


Amplifiers © High Gain 
7500 umho Minimum gg, 


(Degate 22imW/" C) os ee 325 mW 


(1/:16From.case.tor-10:seCONdS): esp. eanneireeperives 300.0 Batterie 


Characteristic | min | Max | unit | Test Conditions 


amet 55100 Sb BAS 

IGss Gate-Reverse Current — VGs =-20 V, Vps=0 
: Se ee wt 150°C 
T| BVGss Gate-Source Breakdown Voltage Be ET il REY Ig =-1 HA, Vps =0 
: VGS(off) Gate-Source Cutoff Voltage REE OEY Vv Vps=15V,Ip=1nA 
1| VGsif) Gate-Source Voltage Pe RES Vps=0V,IG=2mA 
C/ Ipss Saturation Drain Current (Note 1) Ee En Vos = 15 V,VGgs=0 

'DS(on) Static Drain Source ON Resistance cub aaguall taiias SPORES GN Ip =1mA, Vgs =0 

4 Common-Source Forward Transconductance 7500 12,500 f=1kHz 
Age (Note 1) 7000 | ~'| gumbo f = 100 MHz 
Y} Qos Common-Source Output Conductance eS f= 1kHz 
n Crs Common-Source Reverse Transfer Capacitance em Bis avi nonban Bin | pF VpG=15V, Ip =2mA f=1MHz 
M| Ciss Common-Source Input Capacitance bos: see Cee 
of 2 a ie, 0 a I F=10He,Ry= 1M 


Ss 
< 


f= 10 Hz 


e, Equivalent Short Circuit Input poe | geanaca 


Noise Voltage 
Characteristics ae | 2N5565 | 


IDSs1 Saturation Drain Current abe 

Ipss2 Ratio (Notes 1 and 2) ; 
r pees 
] 


BRE 


Test Conditions 


Vps=15V,VGs=0 


\Vgs1-VeEsa! 


Voltage 


Differential Gate-Source ten 
AlVgs1-Vesz! Gate-Source Voltage ge Hs Ls | 
AT Differential Drift (Note 3) fers bee 
Sfs1 Transconductance Ratio 
Ofs2 (Notes 1 and 2) 


< 
So) 
= 
Oo 
i) 
os 
N 
o1 
° 
>) 


Cc Vps=15V,Ip=2mA 


QO2-roOdApe2Z 


ey 
=s aa4 
i oO p> 
= nou 
x i 
~ 184 

o .°o 

OG 


Pulse test required, pulse width 300 us, duty cycle < 3%. 
Assumes smaller value in numerator. 
Measured at ends points, Ta and Tg. 
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n-channel JFETs 


designed for... 


= Analog Switches 
= Commutators 
= Choppers 


* ABSOLUTE MAXIMUM RATINGS (25°C) 


Drain-Source Breakdown Voltage ................ 30 V 
Drain-Gate Breakdown Voltage ..............4-. 30 V 
Source-Gate Breakdown Voltage................-- 30 V 
PohWard Gate Gurrenti: 10.68. Gk... ee eee ee 10 mA 
Total Device Dissipation at TLEAD = 25°C...... 625 mW 

Deratempove’ 25 Ga ijn? eine. mee.. 5.68 mW/°C 


-65 to +135°C 
-65 to +150°C 


Operating Junction Temperature Range..... 
Storage Temperature Range.............. 
Lead Temperature 

(1/16" from case for 10 seconds) 


*ELECTRICAL CHARACTERISTICS (25°C unless otherwise noted) 


Characteristic 


Gate-Source Breakdown 
Voltage 


— 


BVGss 


ia bial A 
ace 


HOI natal wir 
a> 
9 
2} 
=t 
= 
iS) 
bal 
2: 
a 
i?) 
Cc 
oad 
(o} 
= 
> 
i?) 
Cc 
x 
x 
oO 
=] 
load 


| Saturation Drain Current 1 De 
Witess 50) Peal fo 
Static Drain-Source ON 
6] | rosion Sete — atte 
S : Drain-Source ON 
x ds(on) Resistance 
Common-Source Input 
10 Ciss Capacitance = SEE 
1 M Cc Common-Source Reverse 
rss Transfer Capacitance 


12] [Saton) turn-on Delay time | | 40[ | 60] | a0 
1G1S [ite ea Hite Time denne aod | 6.0 [ | 80 | « {eetoip. 


hw aay TorcorF ower Tine [80] [of [| 
A 


* JEDEC registered data Cae 
NOTE: 
1 Pulse test PW < 


—(rDs(on) +50) 
INPUT 10% 


300 Usec, duty cycle < 3.0% 


OUTPUT 10% 


(SCOPE B) 
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Vv 
(SCOPE A) SSlon! 
swore =s=+= VGS(off) 
pee td(on) 
<a te 


Daf 


Siliconix 


Performance Curves NC 
See Section 4 


BENEFITS 


@ Low Cost 
Industry Standard Package 
Automatic Insertion Package 
Fast Switching 
trise < 5 ns (2N5638) 
@ Low Insertion Loss 
'DS(on) < 30 2 (2N5638) 


® Short Sample and Hold Aperture Time 
Crsg < 4 pF 
Plastic 
TO-92 


See Section 6 


D 
G 
S 


Test Conditions 


G 
s 
D G 


Bottom View 


Source & Drain 
Interchangeable 


Ig =-10 HA, Vps = 0 


crea 1 ale ian ro 


Ta =+100C 


Vps = 20 V, Ves = 0 fic 1) 


Ves = 0, Ip = 12 mA (2N5638), 
Ip = 6 mA (2N5639), Ip = 3 mA (2N5640) 


Ip =1mA, Ves = 0 


ViGSi= OF Dic f=1kHz 


f = 1 MHz 


V6s =-12 V, Vps = 0 


Vpp =10V ID(on)=12 MA (2N5638)R, = 800 82 (2N5638) 
VGs(on)= 9 — !D(on)= 6.MA (2N5639) Ri = 1.6k 9 (2N5639) 
VGsioff)= -10 V'!D(on)=3 MA (2N5640) Ry =3.2k 2 (2N5640) 


NC 


Vop 
=10VDC O.1nF 


© TO 50 OHM SCOPE B 


ue . 
0.0014 Ff 


at) © TO 50 OHM SCOPE A 


SCOPE 
TEKTRONIX 567A 
OR EQUIVALENT 


OVOSNZ 6E9SNZ SE9SNZ 


xIugooI 


2N5902 2N5903 2N5904 2N5905 
2N5906 2N5907 2N5908 2N5909 


iconix 


matched dual BN 
n-channel JFETs Perfonmence <pgaas 
designed for... on Swe 


® Matching Characteristics Specified 
# Differential Amplifiers e High Input Impedance 


t IG = 1 pA Max (2N5906—9) 
@ High Input 
Impedance Amplifiers 10-78 


See Section 6 


ABSOLUTE MAXIMUM RATINGS (25°C) 
Gate-to-Gate Voltage 
Gate-Drain or Gate-Source Voltage 
Gate Current 
Device Dissipation (Each Side), Ta = 25°C 
(Derate 3 mW/°C) 
Total Device Dissipation, Ta = 25°C 
(Derate 4 mW/°C) > 
Storage Temperature Range Bottout View 


*ELECTRICAL CHARACTERISTICS (25°C unless otherwise noted) 
A Test Conditions 


Characteristic 


| Min | Max_| 
sia sll ake (Ec Re 
I Gate R Cc VGs=-20V,V 0 
i beeen ee er | Aepscies enanfiebisr donc) mrs 


T | BVgss Gate-Source Breakdown Voltage | 40 | }-40 | | -40 | 
A 

7 VGS(off) Gate-Source Cutoff Voltage }-0.6 | -4.5 | 

1| Yes Gate Source Voltage sommel we 


Cc 
IG Gate Operating Current == 


Ipss Saturation Drain Current a 


Common-Source Forward 
Transconductance 


Common-Source Output Conductance 


IG =-1yuA, Vps =0 
Vps=10V,Ip=1nA 


VpG = 10V, Ip =30nA 


O | On] OF HO] Pl wlrm]— 


Vps = 10V, VGs =0 


VpG = 10V, Ip =30uA 


yDS = 10VVGs 50 f= 100 Hz, 
Rg =10M 


= Common-Source Input Capacitance 


D 
y Cc Common-Source Reverse Trarisfer 
rss 
Capacitance 
P Common-Source Forward 
; Sfs Transconductance 
é Yos Common-Source Output Conductance 


= Equivalent Short Circuit Input 
n Noise Voltage 


rs 


Spot Noise Figure 


o 
N 
Chl 
N 


Test Conditions 


VoG = 10 V,| on5902-5 
Ip = 30yA, 
Tp = 125°C | 2N5906-9 


Vps=10V,VGgs=0 


Characteristic 


lig1-lg2! Differential Gate Current 


Ipss1 Saturation Drain Current Ratio 
Ipss2 (Note 1) 


A 
T 951 Transconductance Ratio 
Cc 9fs2 (Note 1 ) 


H 
1 | VGs1-VGs2! Differential Gate-Source Voltage 


AlVGs1-VGsz2! Gate-Source Voltage Differential 
AT 


ldos1 ~9os52! Differential Output Conductance 


* JEDEC registered data. 

NOTES: 

1. Assumes smaller value in numerator. 
2. Measured at end points, Ta and Tg. 


Drift (Note 2) 


Sl n nN O|N 
NI] oO ro) Nilo 
° ee N 
N a O° 


o 
o 
~ 
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matched dual 5 


Siliconix 


n-ch an nel J FETs Performance Curves NZF-D 


See Section 4 


designed for e@ @ @ BENEFITS 


@ High Gain through 100 MHz 


= Wideband Differential Gs > 5000 umho 
Amplifiers @ Matching Characteristics Specified 
TO-78 
ABSOLUTE MAXIMUM RATINGS (25°C) See Section 6 


Device Dissipation (Each Side), (Derate 3 mW/°C). . 367 mW 
Total Device Dissipation, (Derate 4 mW/°C)....... 500 mW 
Storage Temperature Range.............. -65 to +200°C 
Lead Temperature 

(roe tranvcase for 10 seconds) .......-..:ccleeee es 


Bete Clate VOM alr. ice at nc ce et cee eae +80 V ote eg 
Gate-Drain or Gate-Source Voltage .............. -25 V a au 
RONEN in vic gp wccpe cent ce ewes les 50 mA : q 
1 2 
S 


2 


*ELECTRICAL CHARACTERISTICS (25° unless otherwise noted) 


Characteristic oie al Be Test Conditions 


OH Plwlrm]— 


S | BVGss Gate-Source Breakdown Voltage iS eae Ig =-1HA, Vps =0 
A LYGS(ott) Gate-Source Cutoff Voltage ee ere ren 
T|VGs Gate-Source Voltage -0.3 
I z Li 
pA VpG=10V,Ip=5mA 
6/ClIg Gate Operating Current ise succes Pe i lal BG D = 
~—~8 Ofs Common-Source Forward Transconductance | 5000 | 10,000 f=1kHz 
9 Ofs Common-Source Forward Transconductance | 5000. | 10,000 uinhe f = 100 MHz 
10] D | gos Common-Source Output Conductance con ae 100 f= 1kHz 
11 . Gos Common-Source Output Conductance ieee 2 11-150. | | f = 100 MHz 
12] a | Ciss Common-Source Input Capacitance oO ie Ge a SS VpG = 10 V, Ip =5 mA we 
pF f= 1 MHz 
13.1. M1 Cry Common-Source Reverse Transfer Capacitance Bee ieee 
! 
= Vv 
14/C Jé, Equivalent Short Circuit Input Noise Voltage het iz f = 10 kHz 
neath f = 10 kHz 
=| [oe  Sno pe cs 


Test Conditions 


16 lig1-Ie2! Differential Gate Current Paneer | | | 20, «| nA | Vpg=10V.Ip=5mA = | Ta = 128°C 
Ipssi Saturation Drain Current Ratio o a 

7 Ipss2 (Notes 1 and 2) Vps = 10 V, VGs =0 
[arenes ce os ee oa coed ees 


Characteristic 


M 
18 z NvGsi-VGs2! Differential Gate-Source Voltage 
Cc Ta= 25°C 
18] | atvesi-vese! a ea a Tg = 128°C 
i GS1-YGS2! Gate-Source Voltage Differential yVv/°C - 
N AT Drift {Note 3) 5 VpG =10V,Ip=5mA Ta =-55 C 
201g Y Tp = 25°C 


f= 1kHz 


21 Sfs1 Transconductance Ratio (Note 2) 
Ofs2 


* JEDEC registered data. 
NOTES: 

1. Pulsewidth < 300 us, duty cycle < 3%. 
2. Assumes smaller value in numerator. 

3. Measured at end points, Ta and Tp. 


NZF-D 
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CL6SNZ LL6OSNZ 


xiuooI 


3N163 3N164 


iconix 


enhancement-type 2s 
p-channel MOSFETs 


designed for. . . Soc corey cornea 


@ Ultra-High Input Impedance BENEFITS 
Amplifiers © Rugged MOS Gate Minimizes Handling 
Problems 
Electrometers +150 V Transient Capability 
Smoke Detectors @ Low Gate-Leakage 
Typically 0.02 pA 
pH Meters © High Off-Isolation as a Switch 


& Digital Switching Interfaces IPSS ae 


@ Analog Switching 


* ABSOLUTE MAXIMUM RATINGS (25°C) 


Drain-Source or Gate-Source Voltage 3N163...... -40V yee é 
Drain-Source or Gate-Source Voltage 3N164...... -30 V 


Transient Gate-Source Voltage (Note 1)......... +150 V 

Drain Curren tenes rite Oe ts titees stale pnesuha mortem -50 mA 

Storage Temperature .............000. -65 to +200°C 

Operating Junction Temperature......... -55 to +150°C = 

Total Device Dissipation 5 |—on 
(Dérate-3.0.mW/2C;to-T50°C) °. . avec 375 mW ; wl =3 

Lead Temperature 1/16’’ From Case For 10 Seconds. .265°C s G D 


*ELECTRICAL CHARACTERISTICS (25°C and Vgs = 0 unless otherwise noted) 


Characteristic Test Conditions 


1 
: fie A Ds | ST Ta = 125°C 
IGss Gate-Body Leakage Current pA 
3 PS as dapsstinl Ves = -30 V, Vps = 0 : 
4 ink Came HA nae Ta = 128°C 
5 : BVpss_ Drain-Source Breakdown Voltage PSS 3 ae | ee gee a Ip =-10 UA, Veg = 0 
6 m BVsps_Source-Drain Breakdown Voltage pet bared por] ters teitinars brain Ope mentee | Ig = -10 UA, VGp = Veap = 9 
7|7 [Vos Gate Source Voltage v_ |_Yps=-15V, Ip = -0.5 ma 
811 | VGs(th) Gate-Source Threshold Voltage Vos = Ves. !p =-10 UA 
2/¢ [ipss Drain Cutoff Current [ [200 [| =200 | [vs ==18.V, vgs =0 
10] | Ispg Source Cutoff Current SS eee Vsp = -20 V, Vgp = 0, Vpp = 0 
11] [To(on) ON Drain Curren Ps 30 [3 [30 | mA _| Vs = 15 V, Ves =-10V 
12 'DS(on) Drain-Source ON Resistance a Lat] VhaeOn |) TL It S00") yee | Ves = -20 V, Ip =-100 UA 
Common-Source Forward 
uf 7 Sfs Transconductance 2,000 4,000 | 1,000 | 4,000 umhé VD Sisal 
141N Common-Source Output 25 Ip =-10mA 
ia Sos Conductance 
15 M 
Common-Source Reverse Transfer = s = 
16 é Crsg Capacitance ; Vps = -15 V, Ip =-10 mA |f = 1 MHz 


s Vpp =-15 V 
Ie ry ee Rise ition ID(on) = -10 ma 

Rg =RL=1.5kQ 
*JEDEC registered data 


NOTE: 
1. Transient gate-source voltage JEDEC registered as +125 V. Vout 


Rg INPUT PULSE SAMPLING SCOPE 
VIN RISE TIME <2ns t, < 0.2ns 
502 PULSE WIDTH > 200 ns Cin <2 pF 


Rin 2 10 MQ 
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designed for... 


@ Current Regulation 

@ Current Limiting 

@ Biasing 

# Low Voltage References 


ABSOLUTE MAXIMUM RATINGS (25°C) 


Peak Goeraing VOltage cee ee eee. 100V 
Be AOTENG iis bn ek dae cee ee sane hee” 2OMA 
EMC OMGNG TS os... sap cas eta see Qleldites ce. “BOMA 
Thermal Resistance 9jc ...............2.2-2+.100°C/W 
Fowemeissipationat TC =25°C ..........7..:°. 1.25 W 
Operating Junction Temperature ........ -55 to+150°C 


-55 to +200°C 


Storage Temperature 


: A ae PS 
\ VF=25V VF=25V 'F = 0.8 1F4 (Min) 
| Test Conditions ses) (Note 2) NET ee (Note 3) 


0.198}0.242 
0.216/0.264 


NOTES: 
1. Pulse test — steady state currents may vary. 
2. Pulse test — steady state impedances may vary. 
3. Min Ve required to insure If > 0.8 1-4 (min)- 
4. Max Ve where Ie < 1.1 1F4(max) is guaranteed. 
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current regulator diodes 


ELECTRICAL CHARACTERISTICS (25°C unless otherwise noted) 


ig cen RROVne Win Putneey © rh POM a mNRMRRermnR eta] 
Knee Impedance | Limiting Voltage | Peak Operating Voltage 


If = 1.1 1E1(Max) 
(Note 4) 


SS RP 
[wom [min [Max [win] Tye [tye [Mex [Tye pt des na piel a ebac 


psy 
Siliconix 
Performance Curves 

NKL NKM NKO See Section 4 


BENEFITS 


® Simple Two Lead Current Source 
@ Current Insensitive to Temperature 
Changes 
Temperature Coefficient Better 
Than 1500 ppm/°C On All Devices 
@ TO-18 Package for Improved Current 
Control 


@ Simplifies Floating Current Sources 
No Power Supplies Required 


TO-18 
See Section 6 


ANODE 


C, CASE 
CATHODE A 


VF=25V Ve=25V Ve=25V 
55°C < Ta < 25°C | 0°C< Ta < 50°C | 25°C < Ta < 125°C 


NKL, NKM, NKO 


Sildas OFPTONND SLUVd Giddsdszad 


xiIugood! 


OLvUD YyYBnoius ZZOND 


CRRO240 -CRR4300 


iconix 


15 


Siliconix 


current regulator diodes 
designed for... 


@ Current Regulation 
= Current Limiting 


# Biasing BENEFITS 
@ Simple Two Lead Current Source 
mg Low Voltage References ® Current Insensitive to Temperature 
Changes 
Temperature Coefficient Better 
: Than 0.15%/°C On All Devices 
ABSOLUTE MAXIMUM RATINGS (25 C) @ TO-18 Package for Improved Current 
PeakiOperatinguy Ollage atin iu totter erie taka veins eras 100 V Control 
ForwatdsCurtente, Sauer eeie rpm ey re. 2 sane 20 mA ® Simplifies Floating Current Sources 
ReversexCOrrent: ts cc's 1c) ancient amy ese eet Spee 50 mA No Power Supplies Required 
Thérmakhesistance’@:|Cr? Pate EON, Dae, ease 100° C/W 
Power Dissipation atTcC = 25°C .............5.. 1.25 W TO-18 
Operating Junction Temperature ........ -55 to +150°C pee een 
Storage Temperature ..............--45 -55 to +200°C 


CATHODE 


ELECTRICAL CHARACTERISTICS (25°C unless otherwise noted) 


Symbol POV IF4 Zq VL 


Parameter Peak Operating Voltage Regulator Current Dynamic Impedance Limiting Voltage 


Ie = 1.16 4(Max) VF=25V VF=25V Ip = 0.8!F4 (Min) 
(Note 1) (Note 2) (Note 3) (Note 4) 


Test Conditions 


(mA) 


(mQ) (Vv) 


Units Maximum Volts 


CRRO240 100 


CRRO360 100 


CRRO560 100 


CRRO800 100 


CRR1250 100 


CRR1950 100 


CRR2900 100 


CRR4300 100 


NOTES: NKL, NKM, NKO 
1. Max Ve where If < 1.1 I 4 (max) is guaranteed. 


2. Pulse test — steady state current may vary. 
3. Pulse test — steady state impedances may vary. 
4. Min Ve required to insure Ip > 0.8 Iq (min). 
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APPLICATIONS Parallel Operation 


The current-limiter diode is the electrical dual of the Zener diode. ras iToP Are lent eae 
Current-Limiter Diode V-I Characteristic 0 © err rs 
S 
via 


POV @'1.1 IF 4 (MAX) 


Series Operation 
(When I < Io, that is Ip -14< 0.2 14) 


V_ @ 0.8 IE y(MIN) 


6.0V 25V 100 V 


+V |= 14 (UP TO BV) 
ee o—)—_>-—_F)—o |= Ip (ABOVE BV) 


VR 


- VF 


+ + 


PDIS(CR1) < PDALLOWED 
BV (FOR SERIES DEVICES) 
Rs = BV, +BV2 
SYMBOLS AND DEFINITIONS 
A Anode (Drain) 
= : C Cathode (Source and Gate Shorted) 
Constant-Current Collector or Drain IF Forward Current (Anode Positive) 
Timing Circuits Hi-Z Load Resistors IF 4 Current at a specified Test Voltage, VF 


POV Peak Operating Voltage 


oh Current Temperature Coefficient 
6jc Thermal Resistance Junction to Case 
8jA Thermal Resistance Junction to Ambient 
ZK Knee AC Impedance at specified VF. ZK should 
be as high as possible and is specified as a mini- 
D mum. 
: Zd Dynamic Impedance at specified VF. Zq is speci- 
| | fied as a minimum. 


Emitter or Source Biasing 


+ + us a 


Constant-Current Supply Logic Circuit Pull-Up 
or Current-Limiting Element Current Source 
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xXIUODI 


ooeradd- OVZO0adD 


DN5564 DN5565 DN5566 
SEE ALSO 2N5564 SERIES 


iconix 


matched dual eee 
n-channel JFETs 


designed for... Performance Curves NCD 


= Wideband Differential BENEFITS 


Amplifiers © High Gain 
7500 umho Minimum gf, 
= Commutators @ Specified Matching Characteristics 


ABSOLUTE MAXIMUM RATINGS (25°C) TO-71 


Gate-Gate Voltage See Section 6 

Gate-Drain or Gate-Source Voltage .. 

Gate Current . 

Device Dissipation (Each Side), Ta = 25° C 
(Derate 2.2 mW/°C) 

Total Device Dissipation, Tq = 25°C 
(Derate 3.3 mW/°C) 

Storage Temperature Range 

Lead Temperature 
(1/16" from case for 10 seconds) RNa By. Be ee 


ELECTRICAL CHARACTERISTICS (25°C unless otherwise noted) 


Characteristic | Min | Max | Unit | Test Conditions 


et bie eiizand ae ¢ iio EE 100 5] Stee a 
ee Bits a 

T| BVGss Gate-Source Breakdown Voltage REZ an Ig =-1uA, Vps =0 
A VGS(off) Gate-Source Cutoff Voltage Vps=15V,Ip=1nA 


1] VGS(f) Gate-Source Voltage Vos =0V,IG=2mA 


C{ Ipss Saturation Drain Current (Note 1) a Vps=15V,VGgs=0 
| DS(on) _Static Drain Source ON Resistance | DS(on) _Static Drain Source ON Resistance Drain Source ON Resistance ee a ae Ip =1mA, VGs=0 
f = 1kHz 


Common-Source Forward Transconductance 7500 12,500 
(Note 1) 7000 ae umho f = 100 MHz 


v os Common-Source Output Conductance f=1kHz 


Crss Common-Source Reverse Ailhu Capacitance nama oF VpG = 15V, Ip =2mA f=1MHz 
M mi Common-Source Input Capacitance 
Spot Noise Figure 


na 
Equivalent Short Circuit Input Noise Voltage Tab nels 


eID Pie DN5564 DNS565 ee Ten Cea 


IDss1 Saturation Drain Current 
M Ipss2 Ratio (Notes 1 and 2) Vos = 15 V, Ves = 0 
A Differential Gate-Source 
G 
H 25 
1 | AVGs1-VGs2! Gate-Source Voltage Ee TE uv / 
N Differential Drift (Note 3) A eae °c | Vos=15V,Ip=2mA 
25 
Transconductance Ratio 
| (Notes 1 and 2) 
NOTES: 


1. Pulse test required, pulse width 300 us, duty cycle < 3%. 
2. Assumes smaller value in numerator. 
3. Measured at ends points, Ta and Tg. 


SEO] oO] Si win] — 


f=10Hz,Rqg=1M 
f= 10 Hz 
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one ue 
n-channel JFETs 
designed for... sais caohigtaat 


a Dual FET Switch 


BENEFITS 


@ High Density 
@ Matched Switch Resistance 
® Constant rpsg(on) with Signal 


ABSOLUTE MAXIMUM RATINGS (25°C) 


TO-71 

Pa OFAC oie eo. gad ahnce os tens wine Ce ON ahah +80 V D19 Od2 Seat t8 
Gate-Drain or Gate-Source Voltage............... —40 V 
RAID LUN oleae ccs eee we ew AMIE 50 mA 4 S2 
Device Dissipation (Each Side), Ta = 25°C $10 Os 

ee VG) Pesto... oes oy ees eee we 325 mW 
Total Device Dissipation, T, = 25°C $2 

Mienere Cio Weer 20 oecaiwie). ses. eae ela aa 650 mW eine Ne 
Storage Temperature Range ............ —65°C to +200°C Baers . 
Lead Temperature Sy 

(y tee tromicase for 10 seconds) .. sieesix arderasetnr 300°C Bottom ¥ ipw ALTERNATE 


ELECTRICAL CHARACTERISTICS (25°C unless otherwise noted) 
Characteristic | Min| Max | Unit | Test Conditions 


loss Gate-Reverse Current VG6s= —20V,-Vps = 0 ° 
Ze ks Be emp rer ie acl a 00 150°C 
see | BVGss Gate-Source Breakdown Voltage eg | aE | Iga nA, Vos =.0 
4 i VGS(off) Gate-Source Cutoff Voltage —0.5 Vv Vps=15V,Ip=1nA 
5 VGS(t Gate-Source Voltage 2.0 Vps=0V,IqG=2mA 
1 (f) DS G 
6 {Cc Ipss Saturation Drain Current (Note 1) 18 BOaal A, | Vps= 18V, Ves'='0 
7 rDS(on) Static Drain Source ON Resistance | | 100 | @ | Ip=1mA,Vgg=0 
8 |D Cad Drain-Gate Capacitance ae 7 VG6s=—10V 
lox [iil rer ae ae 
9 N Cgs Gate-Source Capacitance aT eae Vps= 10V 
10 IDSs1 Saturation Drain Current Vps=15V,VGs=0 
M Ipss2 Ratio (Notes 1 and 2) 
A Differential Gate-Source 
12 . Sfs1 Transconductance Ratio Po tite 
Ofs2 (Notes 1 and 2) 


NOTES: 


1. Pulse test required, pulse width 300 us, duty cycle < 3%. 


2. Assumes smaller value in numerator. 


3. Measured at end points, Ta and Tp. 
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LOSSNG 


xXiuosdI 


DPAD1 DPAD2 DPADS DPAD10 


DPAD20 DPADS50 DPAD100 


iconix 


dual pico ampere diodes _ ..%.. 
designed for... BENEFITS 


@ Very High Off-lsolation 
1 pA Max (DPAD1) 
@ High Isolation Between Diodes 


& Clipping Circuits 


— Diode Switching 20 Femto Amp Typical (DPAD1) 
@ Matched Capacitances 
= High Impedance Protection © Compact Packaging 
Circuits TO.71 


(Pins 2 and 6 Removed) 
See Section 6 


ABSOLUTE MAXIMUM RATINGS (25°C) 


Forward Gate Current, Each-Side.........\/ G84 .. 
Total Device Dissipation @ Ta = 25°C 


Dérate 4:0 mW/" Cito" 125° Crtireyt oe kaa. 400 mW whe . 
Storage Temperature Range............. —55 to +125°C : Cy 
Lead Temperature a 


(E/16' Strom’ case tor tUseconds) ta. ates 


C4 


Bottom View 


ELECTRICAL CHARACTERISTICS (25°C unless otherwise noted) 


CHARACTERISTIC | rv | wax UNIT TEST CONDITION 


DPAD1 
DPAD2 
DPAD5 
DPAD10 
DPAD20 
DPAD50 
DPAD100 


Reverse Current 


DPAD1, 2,5 
DPAD10, 20, 50, 100 


10 Ve Forward Voltage Drop | = [os] 1.5] Ip =1mA DPAD1, 2, 5, 10,20, 50, 100 


nF sie Iai Sractais 
Me Cr Capacitance Ve= =-5 V,f=1MHz 
13 a ICR1—Cro| Differential Capacitance ieieicy VRi=VR2= -5 V,f =1MHz | DPAD1, 2, 5, 10, 20, 50, 100 


APPLICATION 


Operational Amplifier Protection: Input Differential Voltage limited to 0.8 V 
(typ) by DPADS D, and Dy Common mode input voltage limited by DPADS D3 
and Dg to ce htoy WW) 


DPAD10 


Typical sample and hold circuit with clipping. DPAD diodes reduce offset voltages 
fed capacitively from the FET switch gate. 
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n-channel JFETs Ss 


Siliconix 


designed for... gh pompn 


@ Ultra-High Input 7 BENEFITS 


Impedance Amplifiers © Low Power 
Ips < 0.2 mA (FN4117) 
Electrometers @ Minimum Circuit Loading 


IGss < 1 pA (FN4117A Series) 


pH Meters 
Smoke Detectors 


TO-72 


*ABSOLUTE MAXIMUM RATINGS (25°C) See Section 6 


Gate-Drain or Gate-Source Voltage (Note 1) ........ 
EEC ck pk oa KS Sawa bs os bas 50 mA 
Total Device Dissipation 


PBerate mW Cito 176°C) we ok eee 300 mW , 
Storage Temperature Range.............. -65 to +175°C - 
Lead Temperature G C 


(1/16”’ from case for 10 seconds).............. 255°C s D c 


*ELECTRICAL CHARACTERISTICS (25°C unless otherwise noted) 


Characteristic FN4117A FN4118A FN4119A Test Conditions 
| Min | Max | Min |Max | Min | Max | 
| Gate Reverse Current aap ang, -|s seh 10," 10 pA V =-20 VV 0 
OSs _FN4117 Series Only Micali econ [Spee yi ce Sees lena a. Maton 150°C 
TT, Gate Reverse Current be see ie gre spd Pe Olea Ore ie ep 
Ser peg ET 


2 a 


O;ra;~Pil win] — 


Common-Source Output 
Sos Conductance 


ha 
C; Common-Source Input 3 
ISS Capacitance 

‘sid lid 


Vps = 10 V, Ves =0 


QO-sS>P2<0 


1 Cc Common-Source Reverse Transfer 
rss Capacitance 


*JEDEC registered data. 


NOTES: 
1. Due to symmetrical geometry, these units may be operated with source and drain leads interchanged. 
2. This parameter is measured during a 2 ms interval 100 ms after power is applied. (Not a JEDEC condition.) 
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S31I4aS LLLYNZ OSTV 33S 


V6LLUN4 6LLVNi VSLLUNi SLLYNI VZLLYNA CLLYNG 


xIuUooDI 


FN4392 FN4393 


SEE ALSO 2N4391 SERIES 


iconix 


Ss 


n-channel JFETs sit i 


designed for... Performance Curves NC 


BENEFITS 
@ Low Insertion Loss, High Accuracy in 


# Analog Switches Test Systems ron 


® No Offset or Error Voltages Generated 
= Commutators by Closed Switch 
Purely Resistive 
ns Choppers High Isolation Resistance from 
& Integrator Reset Switch ane 


® High Off-Isolation Ip(of¢) < 100 pA 
@ High Speed toy < 20 ns 


*ABSOLUTE MAXIMUM RATINGS (25°C) 


TO-18 
Reverse Gate-Drain or Gate-Source Voltage ......... —-40V See Section 6 


Gate-Curren tars Ue Sie eee at Bel ge 50 mA 

Total Device Dissipation at 25°C Case Temperature 
(Deratemnamw,/?'C) i. Fe) Dre ky ie oon 1.8 W 

Storage Temperature Range .............. —65 to +200°C 


Lead Temperature 
(1/16" from case: for GO:seconds) ...... 06 eeu. 


*ELECTRICAL CHARACTERISTICS (25°C unless otherwise noted) 


Characteristic Test Conditions 


1 

| Gate Reverse Current VGs =-20 V, Vps = 0 ; 
: GSS GS pS 150°C 
3 | BVGss___ Gate-Source Breakdown Voltage _| Gate-Source Breakdown Voltage fi! Poe ee) Ig =-1uA, Vps =0 
4 a eee 
6 —— ee Vps = 20V to 
: : ID(off) Drain Cutoff Current Petes econ Syeeeeen een 150°C 
7a er 
8 " VGS(f) Gate-Source Forward Voltage pa He IG=1mA, —— 0 
9ic | VGS(off) Gate-Source Cutoff Voltage | VGS(off) Gate-Source Cutoff Voltage Source Cutoff Voltage Vps=20V,Ip=1nA 


Saturation Drain Current 


u pec Se Ip =3mA 
12 VDS(on) Drain Source ON Voltage (ie 0 ae ss ie ise igor SS VGs=0 ID =6mA 
fEvdtaon A ena ssude < cm fn maa Ip = 12mA 


14 (DS(on) Static Drain-Source ON Resistance | =| 60 | | 100 | 2 | Vgs=0!Ip=1mA 
i ‘éslon) Drain Souree ON Rasitance | | 60 |] 100] @ | Ves=0,1p=0 RANG 


16 Ciss Common-Source Input Capacitance ERE Ps Se PE Vos = 20 V, Vgs = 0 

- c REEMA Wren Werand Ul BRR CE Dae RG [Vos=- 5V|5- 1 mz 
mmon-Source Reverse Transfer ¥ 

7a a (Cis Capacitance fie 0 aa Be a a ag bs Ves 75 7V 


[REE Resa TEER 


FAN a BTN Tee aS A RIDE Ree eI PS |G IDton) Vester) RL 


Vpop 
NC 
5123 1000 pF 
—° VouT 
NOTE: “isco os 
1. Pulse test required, pulse width = 300 ys, duty cycle < 3%. PULSE + 'D(on) 
INPUT PULSE SAMPLING SCOPE 
SCOPE RISE TIME < 0.5 ns RISE TIME 0.4 ns 
FALL TIME < 0.5ns INPUT RESISTANCE 50 2 


PULSE DUTY CYCLE 1% 
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= Commutators 


Purely Resistive 
High Isolation Resistance from 


: Gem Goes 
anil oad 
n-channel JFETs ofa ss 
@ ih ee we a 

Performance Curves NVA all 
designed for... Performance, fe 
e | © 
@ Analog Switches : BENEFITS a= O 
@ Very Low Insertion Loss = Gus 
= Choppers ’ 'DS(on) <3 & (J105) Le 
@ No Offset or Error Voltages Generzited re) wl 

by Closed Switch 

= 

© 

~ 

aan 

oe) 


Driver 
TO-92 
See Section 6 

ABSOLUTE MAXIMUM RATINGS (25°C) pene 
Gate-Drain or Gate-Source Voltage ............... -25V i 
es a fuels wel e b eele 50 mA A 
Total Device Dissipation at 25°C Ambient 

Me S27 TANI). oc ae ee pees 360 mW ; 
Operating Temperature Range............. —55 to 135°C 
Storage Temperature Range............... —55 to 150°C 
Lead Temperature Range 

(1/16” from case for 10 seconds) .............. 300°C 


Bottom View Bottom View (-18) 
ELECTRICAL CHARACTERISTICS (25°C. unless otherwise noted) ravens 


J106 J107 


“ceoingaial Ty ieshinad sclnccting| ie RS Unit Test Conditions ae 
iggy Gate Revere Correntinow ny | | | 3] | | |_| | -2fna | vps-0v, veg--158¥ [y 
ee eee Vos =5V. Ip = 1HA ihul 
a|BVGss_ Gate-Source Breakdown Voltage _|-25| | [25] | [25] | | | vps=0Vv,ig=-1HA = 
T[Ipss_Drain Saturation Current (Note 2)|500]__| [200] | _|100]_|_|ma | vos= 18 v, Vas = ov pw 
tT infor) Drain Cutott curent nore) | | | 3{ | [a] | | ana | vos=sv,ves=-10¥ 
“Trosion —DrainSource ON Resitnce || | 3| | | | |_| @] @ | vps<oav, vas ov ie 
See Tete em 


Csgloff Source Gate OFF Capacitance UAL SeTeE Len aah Ut 35 Vps =0V, Ves =-10 V 


Drain Gate plus Source Gate 
ON Capacitance 


10 iP y on) Turn On Delay Time DERE ee Pa Sa Switching Time Test Conditions 

Deere nei re a eo peat eo os ae iey sw 
7) cee Cha ss at OH Hn Bl Ba land es 
Blu rartine | fot py te | fa son ton ton 


OLD InNIOTONI SR fw] ny j— 


f = 1 MHz 


Vps = Ves = OV 


NOTES: NVA 
1. Approximately doubles for every 10°C increase in TA. 
2. Pulse test duration = 300 us; duty cycle < 3%. 


xXIuUogDI 
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J108 J109 J110 


J108-18 J109-18 J110-18 


iconix 


n-channel JFETs 


designed for... 


= Analog Switches 
= Choppers 
= Commutators 


m Low Noise Audio Amplifiers 


ABSOLUTE MAXIMUM RATINGS (25°C) 


Gate-Drain or Gate-Source Voltage............... —25V TO-92 
Gate -Gurrent imme eto aateeurceek, Ciel taal s 50 mA See Section 6 
Total Device Dissipation at 25°C Ambient 

(Derate 3.27 MWC)... 2... dee BORO SO RE 360 mW 
Opierating Temperature Range............. —55 to 135°C 
Storage Temperature Range............... —55 to 150°C 0 
Lead Temperature Range 

(JiiGe. trom, cases Orel. O.seconds) 42.45 «1 40 hess 300°C G 


ELECTRICAL CHARACTERISTICS (25°C unless otherwise noted) 


Characteristic 


IGss Gate Reverse Current (Note 1) 


VGS(off) Gate-Source Cutoff Voltage 
BVGss Gate-Source Breakdown Voltage 


Drain Saturation Current (Note 2) 


QO-aA PAOD 


Jo}~| ofa aloe| nr] = 


Fall Time 


Ee Pet 
Cyg(off) Drain-Gate OFF Capacitance fe eel ee 
Cya(oft) Source-Gate OFF Capacitance ope ne ee ee 
Dic 
9 |Y goons Drain-Gate Plus Source- 
Nic Gate ON Capacitance 
ie sg(on) 
mM] Salon, og ee Ss Ee ee 
AN of ae ee ES 
wig ks 
pap ET a i | OS (dad Wee, 


i = | = 
Ww 


MVOTES: 
1|. Approximately doubles for every 10°C increase in We 


‘2. Pulse Test duration 300 ys; duty cycle < 3%. 
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psf 


Siliconix 


Performance Curves NIP 
See Section 4 


BENEFITS 


@ Low Cost 
@ Automated Insertion Package 
@ Low Insertion Loss 
(DS(on) < 8 & (J108) 
@ No Offset or Error Voltages Generated 
by Closed Switch 
Purely Resistive 
High Isolation Resistance from 
Driver 
@ Fast Switching 
td(on) + ty = 5.ns Typical 
@ Low Noise 
en = 6 nVA/Hz at 10 Hz, Typ (J110) 


Plastic 


Bottom View Bottom View (-18) 


Source & Drain 
Interchangeable 


Test Conditions 


a 
= 
_ 
Oo 


fo) = 


Vos = OV Vesa low 


Vos =5V.'p =1HA 
Vos 7 0V. IG =-1HA 

Vos = 15 V. Vgg = OV 

Vos = 5 V.VGg =-10V 


Vos < 0.1 V, Vgg = OV 


a 
o 
! 
N 
oa 
4 
< 
me] 


pF f = 1MHz 
ape Switching Time Test Conditions 
prises J108 J109 J110 
Vop 15V 5 V Ley 
ee Vos(ott) -12V.  -7V -5V 
Reiss Rp 1502 1502 1502 


NIP 


Characteristic min] tye | Max | min | Tye) 
3 aaa 
s | Vesiom Gx Sr Guar Votan | 
A [evess Get Source erenksown vornoe | 2 


Ipss Drain Saturation Current (Note 2) 


QA-A 


ID(off) Drain Cutoff Current (Note 1) 


DS(on) Drain Source ON Resistance 
Cadg(off) Drain Gate OFF Capacitance 
Csg(off) Source Gate OFF Capacitance 
Cdg(on) Drain Gate Plus Source Gate 
Csgion) ON Capacitance 


td(on) Turn On Delay Time 
Rise Time 


Turn Off Delay Time 


NO | 
oO; oO] wo 


~ 
< 


td (off) 


a cel a ee 
Qo-S>r2<0 
sing 


Fall Time 


NOTES: 
1. Approximately doubles for every 10°C increase in Ue 
2. Pulse Test duration 300 us; duty cycle < 3%. 
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Se 
wal 
-ch | FET 5 
n-channe S sit | = 
@ | 
designed for... Performance Curves NC | 
See Section 4 
= 
@ Analog Switches BENEIA =i 
@ Low Cost ad 
ES ih - @ Automated Insertion Package ead 
C oppe : @ Low Insertion Loss oe 
(DS(on) < 30 &2 (J111) = 
| Commutators ® No Offset or Error Voltages Generated | = 
by Closed Switch Pm 
Purely Resistive 3 
High Isolation Resistance from = 
Driver 
@ Fast Switching 
td(on) + ty = 13 ns Typical 
@ Short Sample and Hold Aperture Time 
Cyd (off) <5 pF 
Cgs( off) <5 pF 
Plastic 
ABSOLUTE MAXIMUM RATINGS (25°C) apts 
-92 
Gate-Drain or Gate-Source Voltage............... —35V See Sactian 6 
OM ICME EO eo. Ne ope bin a ae oT ehcea-Quve o HEES 50 mA 
Total Device Dissipation at 25°C Ambient 
Merete o-27 mW/'C).. TOI 360 mW 
Operating Temperature Range............. —55 to 135°C 
Storage Temperature Range............... —55 to 150°C as A EE 
Lead Temperature Range D ; 
(1/16” from case for 10 seconds) .............. 300°C 


N oa | | 
| 
&|o 
NO o oa 
Say [a S = 


Bottom View Bottom View (-18) 


Source & Drain 
Interchangeable 


Test Conditions 


VipsSONnViGs 10 
Vpos=5V,Ip=1HA 
Vos =0 VIG >-1HA 


VipsisnliSiViMGSia0M 
Vipg= SIV, VGsi= 10 
Vpsi= O:11V7 Vieg =10_V, 


Vps —0'V; VGs.5-10 V 
pF 
Vos = Ves =0 


f = 1 MHz 


NO | | 
foe) ol Ww ap 


Switching Time Test Conditions 
J111 J112 J113 
ns Vpp 10 V 10 V 10 V 
VGS(off) ~12 V -7V -5V 
Ri 800 2 1,600 2 3,200 2 in 
NC ore 


xiuood! 


Clif CLI LLL 


J174 JI7S JIV76 JV77 


3174-18 J175-18 J176-18 J177-18 


iconix 


p-channel JFETs ito 
designed for... Secteuustonm 


= Analog Switches BENEFITS 
® Low Cost 
@ Simplifies Series-Shunt Switching 
= Choppers when Combined with J113, its N-Chan- 


nel Complement 
= Commutators @ Low Insertion Loss 
'DS(on) < 85 &2 (J174) 
@ No Offset or Error Voltages Generated 
by Closed Switch 
Purely Resistive 
High Isolation Resistance from Driver 
@ Short Sample and Hold Aperture Time 
Csg(off) < 9-5 PF 
Cag(off) < 5-5 PF 
ABSOLUTE MAXIMUM RATINGS (25°C) © Fast Switching 
Gate-Drain or Gate-Source Voltage (Note 1)......... 30V td(on) + tr 7 ns Tatas 


CSateebsurrery Ce lait 6 oN eR arr ie NaS Catia Raa 50 mA TO-92 Plastig 


Total Device Dissipation at 25°C Ambient Seeikection & 
CIBerate G.2/ Mate). MOE We tte vce etary 360 mW a s 

Operating Temperature Range............. —55 to 135°C [:) 

Storage Temperature Range............... —55 to 150°C « D 

Lead Temperature Range Bottom View 


° S 


(1/16 ‘from’case for’ 10-seconds) ....... 7 


s 
s G G 


Source & Drain 


ELECTRICAL CHARACTERISTICS (25°C unless otherwise noted) Bottom View (-18) __ interchangeable 


aracteristics ee [Min | Typ | Max | nit est Conditions 


Gate Reverse Current 
qos DEnoEEDSnCaC: Yop 8 vio B0A 
Ss 
Sf [esac | 90) 1 a oa Pe | 
+ 
| 
Cc 


Q 
7) 
a) 


N 
< 
2) 
we 
° 
3 


BSS 


oss oe went zo | fla | [of 2] fas fas] | vas? JeY.Magse 
5] Troan bin Suter uren PEE CEC CEr Crt mre 
e| [rosion Resmane | tf 8) | fst | fas] | [00] @ | vas=0. vos=-01 v 
7] [ecaom Sirmtnee” | [se] | [ss] | [ss] | [ssl 

V (DAY =i0V 
al [esgiom  SouseGae OFF SCHEDEUCRECE ae 
D 


= 1 MHz 
glY “dg(on) Drain-Gate Plus Source- 
Gate ON Capacitance 
; Csg(on) 
10] MI td(on) Turn On Delay Time 15 EE 
Switching Time Test Conditions 


J174 ST7S) Get 


Sieg Vpp -10 V -6V -6V -6V 
12 td(off) Turn Off Delay Time iwi ki VGS(off) 12V 8V 6V 3V 


13 Fall Time 


NOTES: 
1. Geometry is symmetrical. Units may be operated with source and drain leads interchanged. 


Ri 5602 1.2K2 56KQ 10 KQ2 


1 Co 


Approximately doubles for every 10°C increase in Ta. PS 
Pulse test duration = 300 us; duty cycle < 3%. 
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n-channel JFETs 


designed for... 


= General Purpose Amplifiers 


ABSOLUTE MAXIMUM RATINGS (25°C) 


Gate-Drain or Gate-Source Voltage (Note 1) ....... -40 V 
core Ragu lel at eRe ae a 50 mA 
Total Device Dissipation at 25°C Ambient 

Vmeramreez? MW) C).. pettnan ..  e e e 360 mW 
Operating Temperature Range............. —55 to 135°C 
Storage Temperature Range............... —55 to 150°C 
Lead Temperature Range 

(1/16 som case for 10 seconds) .:......%5..... 300°C 


Characteristic 


ts 
) 
ro) 


1 Gate Reverse Current 
(Note 2) 


ELECTRICAL CHARACTERISTICS (25°C unless otherwise noted) 


psf 


Siliconix 


Performance Curves NP 
See Section 4 


BENEFITS 


@ High Input Impedance 
IG = 35 pA Typical 
® Good for Low Power Supply Opera- 


tion 
VGS(off) < 1-5 V (J201) 
See Section 6 
D f Plastic f 
S 


Bottom View Bottom View (-18) 


TO-92 


Source & Drain 
Interchangeable 


Test Conditions 


Vps - 0;VGs --20 V 


| min | 
Ss Gate-Source Cutoff 
A Gate-Source Breakdown 
2 T BV.GSs Voltage 
i] ; : 
Saturation Drain Current 
5 IG Gate Current (Note 2) xjlf saat? fa a35 Patra -35 
Common-Source Output 3 
8 Cc Common-Source Input 
ISS Capacitance 


: 
D s Transconductance (Note 3) 
Y 
N 
A 
M 
i] 
Cc 


Cc Common-Source Reverse 
tss Transfer Capacitance 
= Equivalent Short-Circuit 

i Input Noise Voltage 


NOTES: 
1. Geometry is symmetrical. Units may be operated with source and drain leads interchanged. 
2. Approximately doubles for every 10°C increase in Ae 

3. Pulse test duration = 2 ms. 
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Vps = 20 V, Ip = 10nA 
Vps=0,IG=-1uUA 
Vos = 20 V,VGs =90 


VpG= 20 V, |p = Ipss(min) 


f=1kHz 


f = 1 MHz 


Si-vOcr SL-EOcr Sl-cOer SL-LOcS 


xXIUODI 


vocr ¢€ocr zcozr Loc 


n-channel JFETs ore 
designed for eee Performance Curves NZF 


See Section 4 


= General Purpose Amplifiers BENEFITS 
@ High Gain 
g¢, = 7000 umho Minimum 
 (J211, J212) 
@ High Input Impedance 
IGss = 100 pA Maximum 
Cis, = 5 pF Typical 


J210 J211 J212 


TO-92 
See Section 6 


ABSOLUTE MAXIMUM RATINGS (25°C) 


Gate-Drain or Gate-Source Voltage 
Gate Current 
Total Device Dissipation at 25°C Ambient 

(Derate 3.27 mW/°C) 
Operating Temperature Range —55 to 135°C 
Storage Temperature Range —55 to 150°C 
Lead Temperature Range 

(1/16” from case for 10 seconds) 300°C 


G 
D Ss 
D 
Bottom View 
Source & Drain 
Interchangeable 


ELECTRICAL CHARACTERISTICS (25°C unless otherwise noted) 


Characteristic Test Conditions 


Vps =0, Ves ==-15 Vv 
Vps=15V,Ip=1nA 
Vps =0,1IG=-1uA 
Vps = 15 V, VgGés =0 
Gate Current (Note 1) VpoG = 10V, Ip =1mA 


Common-Source Forward 
Transconductance (Note 2) 


Common-Source Output 
Conductance 


C Common-Source Input 

A | iss Capacitance 

M 

tlc Common-Source Reverse 
rss 


Transfer Capacitance 


Vps = 15 V, Ves = 0 


Equivalent Short-Circuit Input 


en : 
D4 Noise Voltage 
€ 
0 1. Approximately doubles for every 10°C increase in Ae 
= 2. Pulse test duration = 2 ms. 
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n-channel JFETs _ 


Siliconix 


designed for indl Performance Curves NP/NS 


See Section 4 


m@ Audio and Sub-Audio BENEFITS 


Amplifiers @ Ultra Low Noise 
j @y = 8 nVA/Hz Typical at 10 Hz 


@n = 2 nVA/Hz Typical at 1 kHz 


TO-92 
See Section 6 


ABSOLUTE MAXIMUM RATINGS (25°C) 


Gate-Drain or Gate-Source Voltage (Note 1)........ —40V 

RRR as eins che ele pos we ev 4 50 mA 9 

Total Device Dissipation at 25°C Ambient : 
We) Gres, 272 CY ee a ee he 360 mW 

Operating Temperature Range............. —55 to 135°C 

Storage Temperature Range............... —55 to 150°C 

Lead Temperature Range a 
Vi/i@: Meom-case for: 10 seconds) ....... . ffeean 5 " s 


Bottom View Bottom View (-18) 


Source & Drain 
Interchangeable 


ELECTRICAL CHARACTERISTICS (25°C unless otherwise noted) 


— taka eee =| 


Gate Reverse Current ft Fr. » Voges iov = -30V 


Ss Gate-Source Cutoff ‘ rd a i Vine aeolian = 1 ak 
; ii <a ee AEE ky is I NF a ee) V me ie i 
A Gate-Source Breakdown 
= Vv =0,IG=-1uA 
oe ess Voltage cs ae S 
1 


2 ES 
| fc —emewmowna | [mo] | [oo] | [9] [om [rnrmiracaem 


6 Common-Source Forward 
Transconductance (Note 3) 


oO 
a 
a 


Common-Source Output 
Conductance 


a 
° 
a” 


Common-Source Input 
Capacitance 


f=1kHz 
Common-Source Reverse 


1 
Ea f = 1MHz 
Crss Transfer Capacitance 


iN Equivalent Short Circuit ae EI Bits Sime ua Vps = 10 V, Veg =0 f= 10 Hz 
7 AA TH Ol RT 


NP 
NOTES: NS 
1. Geometry is symmetrical. Unit may be operated with source and drain leads interchanged. 


2. Approximately doubles for every 10°C increase in AG 
3. Pulse test duration = 2 ms. 


oe 
o-2>2<0 
is 


oO 
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cECr LESS O&Ce 


SL-TESF SL-LECS SL-OC?r 


xXIUODI 


p-channel JFETs 


designed for... 


J270 J271 
J270-18 J271-18 


= General Purpose Amplifiers 


ABSOLUTE MAXIMUM RATINGS (25°C) 


Gate-Drain or Gate Source Voltage (Note 1)......... 30 V 
Gate Guarentio.. EEE ccs coe meters ene tele eme —50 mA 
Total Device Dissipation at 25°C Ambient 

(Deraterst2 7 mVWyaG) ce rae) ne eee 360 mW 
Operating Temperature Range............. —55 to 135°C 
Storage Temperature Range............... —55 to 150°C 
Lead Temperature Range 

(1/1 G24fromi case for. O seconds) 9:0)... 202.90. 300°C 


Characteristic 


S IGss Gate Reverse Current (Note 2) 


1 

2} T | VGS(off) Gate-Source Cutoff Voltage 

3 . BVGss Gate-Source Breakdown Voltage 
4 

5 


1 | 'DSs Saturation Drain Current (Note 3) 


Common-Source Input 


Cj : 
A ASS Capacitance 


ies) 
2 


M f = 1 MHz 
9 Cc Common-Source Reverse 
J FSS Transfer Capacitance 
Cc 
Equivalent Short-Circuit nv es ws J a 

Y, 10, Jeimhen Input Noise Voltage | Viz | YOS > 710. Vt = 18S irri aera 
¢ 
0 NOTES: PS 
Q 1. Geometry is symmetrical. Units may be operated with source and drain leads interchanged. 
a 2. Approximately doubles for every 10°C increase in VAS 


3. Pulse test duration = 2 ms. 
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ELECTRICAL CHARACTERISTICS (25°C unless otherwise noted) 


= 
< 
ao) 


Ci Ig Gate Current (Note 2) een 
Common-Source Forward 
6 Sfs Transconductance (Note 3) 6,000 15,000 8,000 
D Common-Source Output 
Z y | Jos Conductance 200 


ie) 


bof 


Siliconix 


Performance Curves PS 
See Section 4 


BENEFITS 


@ Low Cost 
@ Automatic Insertion Package 
High Gain Amplifiers 

g¢5 = 14,000 umho Typical (J271) 
Low Noise 
€n = 6 nVA/Hz at 1 kHz Typical 


TO-92 
See Section 6 


Plastic 


D 
@ 
D 
G . G 
5 s 


s 
D 
(Cy. 
Ss 


Bottom View Bottom View (-18) 


let Yep = 1%) 


Source & Drain 
Interchangeable 


Test Conditions 


200} pA |Vps=0,VGs=20V 
Vps =-15V,Ip=-1nA 
Vps=0,IG=1HA 
Vps =-15 V, VG@s =0 


VpG = -15 V, ID = IDSS(min) 


f=1 kHz 


‘= ae 


Vps=-15 V; VEs =0 


ao) 
a] 


—_ 
ce 
ro) 


n-channel JFETs Ss 


Siliconix 


designed lela at IP Performance Curves NZF 


See Section 4 


ooer 


@ VHF/UHF Amplifiers — ReMerkls 


g @® High Power Gain 
= Oscillators 20—23 dB Typical at 100 MHz, 


Common-Source 
m@ Mixers 17.5—20.5 dB Typical at 100 MHz, 
Common-Gate 
® Low Noise Figure 
1.3 dB Typical at 100 MHz 
® High Dynamic Range 
Greater than 100 dB 


TO-92 
See Section 6 


ABSOLUTE MAXIMUM RATINGS (25°C) - Plastic 
Gate-Drain or Gate-Source Voltage ; 
G 


SaldaS OLCF LUWd GivasdIad 


Gate Current 
Total Device Dissipation at 25°C Ambient 
(Derate 3.27 mW/°C) 
Operating Temperature Range —55 to 135-C 


Storage Temperature Range —55 to 150°C : 
Lead Temperature Range ; 
(1/16” from case for 10 seconds) : 


Bottom View 
Source & Drain 


ELECTRICAL CHARACTERISTICS (25°C unless otherwise specified) Interchangeable 


Characteristic Test Conditions 


| Gate Reverse Current Fiza fe =-15V,V =0 


BVGss Gate-Source Breakdown Voltage a Ig =—1uA, Vps=90 
VGS(off) Gate-Source Cutoff Voltage (Note 1) Vps=10V,Ip=1nA 
Ipss Saturation Drain Current (Note 1, 2) See ee Vasant VoV.ico=0 


Common-Source Forward Transconductance 
D | Yfs (N 1) 9000 
% pte sate Vps = 10 V, Ip = 5 mA, f= 1 kHz 


N | Jos Common-Source Output Conductance | 200 | 


« C Common-Source Reverse Transfer fe 
rss 
fee ee pF |VpG=10V, Ip =5 mA, f=1MHz 


Cc Ciss Common-Source Input Capacitance 


NOTES: 
1. Ipss and VGss (off) are selected into 5 ranges and labeled according to above table. 
2. Pulse test PW < 300 us, duty cycle < 3%. 


xIuUgoo! 
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J304 J305 


iconix 


Sil 


n-channel JFETs We 
designed for ee) © Performance Curves NH 


See Section 4 


m VHF/UHF Amplifiers BENEFITS 


a @ Characterized for Operation at 100 
= Oscillators Sand is 


e @ Low Noise 
= Mixers NF = 1.7 dB Typical at 100 MHz 


TO-92 
See Section 6 


Plastic 


ABSOLUTE MAXIMUM RATINGS (25°C) 

Gate-Drain or Gate-Source Voltage............... -30 V . 

GaterGurrent’. cert ma hen se es hota eins oe dee 10mA | 

Total Device Dissipation at 25°C Ambient s 
(Derate 3227 mW/iG yee ie ete ies lake ee 360 mW 

Operating Temperature Range............. —55 to 135°C 

Storage Temperature Range............... —55 to 150°C 3 

Lead Temperature Range : 
(1/16’"teormcase,tor 10'seconds) .......... sac 300°C 7 


Bottom View 


ELECTRICAL CHARACTERISTICS (25°C unless otherwise noted) 


3 
IGss Gate Reverse Current (Note 1) SS eS ee a SR Vps = 0, Vgs = -20 V 
2 VGS(off) Gate Source Cutoff Voltage tie: EE SEW GHD SOI Fy y Vps=15V,Ip=1nA 
S RISIeBViGSss Gate Source Breakdown Voltage ee css ema 2 Wren bl ed enced AS Vps=0,!1G =-1HA 

4 i IpDss Saturation Drain Current (Note 2) IE BET pn ROP SOT PS BEY Vps = 15 V, Ves = 0 


5 Common-Source Forward 
Sfs Transconductance (Note 2) 


Test Conditions 


bAw 


Common-Source Output 
Transconductance 


Common-Source Input 
. 3.5 
Capacitance 


Gos 
Vips=15VeViGgs=0 


Common-Source Reverse 
Transfer Capacitance 


™~ 
QO-2>2<0 
© 
3 


GD 
= 
7 
n 


Common-Source Output 
Capacitance 


Common-Source Forward Se ee ee ee 
4 Common-Source Output BE aE ee ey 
os _Conaetne NF ib mR 
x Common-Source Output Fete MRC INL = alter page a Pees i 
ices irate Bee er) ee eae re 9 
m Common-Source Input Rac eee Bo 


= 100 MHz 
f = 400 MHz 
f = 100 MHz 
f = 400 MHz 
f = 100 MHz 
f = 400 MHz 
f = 100 MHz 
f = 400 MHz 

= 100 MHz 
f = 400 MHz 


ne 

a EPS Es 
ieee maid ba sca 
ic | | 


VipS> 15 VAV GS 


Common-Source Input 
Susceptance 


Aah 
vn 
a 


Common-Source Power 


ta 
ei 
= me 
bead 
iad 


a) 
B 


Vps = 15V, Ip =5mA, f = 100 MHz 
f = 400 MHz 


NF Noise Figure 
(Single Sideband) 


NOTES: 
1. Approximately doubles for every 10°C increase in TA. NH 
2. Pulse test duration = 2 ms. 
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n-channel JFETs cir 
designed for eee Perfomance: Cues NZA 
BENEFITS 


@ VHF/UHF Amplifiers @ Industry Standard Part 


In Low Cost Plastic Package 


= Oscillators @ High Power Gain 


® 11 dB Typical at 450 MHz 
ea Mixers Common-Gate 


® Low Noise 


oLler 60¢ef 8O0er 


ABSOLUTE MAXIMUM RATINGS (25°C) 2.7 dB Typical at 450 MHz 
Dedede ortage is PIES AY! MON Pe 25 V ® Wide Dynamic Range 
Eee ater VOITAGE. .. 3. Oe ee es 25 V Greater than 100 dB 
or Warde are Currents oy en. She. aa oboe) eet ane 10mA @ Easily Matches to 75 2 Input 
Total Device Dissipation at 25°C Ambient incite 
OENORES P27 NNW) GC)... cece ee ee ee ea 360 mW TO-92 
| Operating Temperature Range............. —55 to 135°C See,Section 6 
Storage Temperature Range............... —55 to 150°C 
Lead Temperature Range D 
(1/167 feomcase for 10 seconds);.......2.'.'.0%.. 300°C G 
G Ss 
. D 


Bottom View 


ELECTRICAL CHARACTERISTICS (25°C unless otherwise noted) 


10,000 8,000 | 17,000 


Common-Source For- 
7A 
i Sfs ward Transconductance Ge (ore 


Characteristic 2208 =e pati ene eye i321 G ata e te Unit Test Conditicans 
| Min | Tye | [Min | typ | Max | | 
Gate-Source Breakdown 
ee oie pes ead ao pouad ven : rel ae we ny 
cc, ek SS ileal RA aa Parvo. | ee ee eee 
A 
Gate-Source Cutoff i h 
Cc Saturation Drain iy 2 
; wes Current (Nore " ee ct pai “3 Vos oe of igs ‘ 
Gate-Source Forward 


:= 
3} 
=) aS) 


sins cae 
Common-Source 
: oy Output Conductance a Wee Tat ae ig ae | 280 VDS of 0 si 
D Ip =10mA 
glv of Common-Gate Forward 13,000 13,000 12,000 
N Transconductance 
A Common-Gate Output 
0 
10 || 90g Conductance ae 
| : 
111C |Cag Bier ieiplh 25 1.8 2.5 18 25 
9 Capacitance Vps =0, 
Gate. VGgsg =-10V 
Capacitance 
= Equivalent Short-Circuit Vps = 10 V 
x ie pie Reive Vd (vai Kl a ea Rl Mi Les ne 'D EDIE. 
Common-Source Forward 
12 
Common-Gate Input 
mmho 
Common-Source Input 
f = 105 MHz 
17 Re Common-Source Output 0.15 Vps = 10 V, 
(Yos) Conductance : Ip =10mA 
18 G Common-Gate Power 
Pg Gain at Noise Match ( 
ame 
Common-Gate Power 
cs ] 


NOTE: 
1. Pulse test PW 300 us, duty cycle < 3%. 
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n-channel JFETs 


designed for... 


= Current Regulation 
@ Current Limiting 
@ Biasing 


m Linear Ramp and Staircase 
Generator 


ABSOL.UTE MAXIMUM RATINGS (25°C) 


J500 J501 J502 J503 J504 J505 


Peak Glgeratind V Oltdd@ ces caitct tee si als ara) aaah oatetene 50 V 
FOrWariQGurrent... seems. bss deals ss alee urd o ROR \RNENS 20 mA 
Reversah@Urrente ce aed iat a omen n a «oer echoes Teen 50 mA 
Total Device Dissipation at 25°C Ambient 

(Dérsiters 2 7/mWiiC) io eae ie anne ore 360 mW 
Operating Temperature Range............. —55 to 135°C 
Storage Temperature Range............... —55 to 150°C 
Lead Temperature Range 

(1/16." from case for 10 seconds) .............. 300°C 


Characteristic 


Forward Current (Note 1) 


Peak Operating Voltage 
(Notes 1 and 2) 


Limiting Voltage (Note 3) 


2h 


Small-Signal Dynamic 
Impedance (Note 1) 


Anode-Cathode Capacitance 


1. Pulse test (Juration = 2 ms. 
2. Maximum \VF where IF < 1.1 IF} (Max) is guaranteed. 
3. Minimum ‘VF required to insure IF > 0.9 IFy(Min)- 


iconix 


Vv 
R Vi 
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5 


Siliconix 


current regulator diodes 


Performance Curves NCL 
See Section 4 


BENEFITS 


@ Low Cost 
@ Simple Two Lead Current Source 
@ Simplifies Floating Current Sources 
No Power Supplies Required 
@ Good Operating Current Tolerance 
+20% 


TO-92 
See Section 6 


ANODE 


Plastic 


CATHODE 


Bottom View 


ELECTRIICAL CHARACTERISTICS (25°C unless otherwise noted) 
[0.192 | 0.264 | 0.344 | 0.448 | 0.600 | 0.800 | 


Nominal [eawo [a 0.330 [oso [oseo [oreo | 1a mA | Ve =25V 


oe eae 


Test Conditions 


Ie = 1.1 IE} (Max) 


ee lf = 0.9 Fy (Min) 
eae ee 
2[_ 2 [2] oF [ve=25v.t=1 mi 


NCL 


Current-Limiter Diode 
V-I Characteristic 


VF 


n-channel JFETs (ihr 
current regulator diodes 
designed for eee Performance Curves NCL 


See Section 4 


BENEFITS 
@ Current Regulation © Low Cost 


e et @ Simple Two Lead Current Source 
=@ Current Limiting ® Simplifies Floating Current Sources 


@ Biasing 


No Power Supplies Required 
Good Operating Current Tolerance 
° & +20% 
@ Linear Ramp and Staircase ; De 


Generator See Section 6 


ABSOLUTE MAXIMUM RATINGS (25°C) 


Peak Operating Voltage 
Forward Current 
Reverse Current 
Total Device Dissipation at 25°C Ambient 
(Derate 3.27 mW/°C) 
Operating Temperature Range —55 to 135°C 
Storage Temperature Range —55 to 150°C 
Lead Temperature Range 
(1/16” from case for 10 seconds) 


Plastic 


Lisf OLSF 60SFf 8OSf ZOSF 90ST 


Bottom View 


ELECTRICAL CHARACTERISTICS (25°C unless otherwise noted) 


Charactaderic Js06 | J507 | u508 | 509 | 510 | J511 Toei Conditions 
ai neal ie cell Sh sie 
IF | Forward Current (Note 1) | 4.400 | 1.800 Sere MATE Ves 25 V 
| 1.680 | 2. 


Peak Operating Voltage Me ee 


eS 
nr 
ia 


Small-Signal Dynamic 


0.20 
025 | 025 | 020 | 020 | o.18| Avge nach hatiaicl 
Impedance (Note 1) 


2|_10 | 070 | 060 | 050 | 030 
af 2] 2] 2) 2) [veervreim 


NOTES: NCL 
1. Pulse test duration = 2 ms. 

2. Maximum V¢ where IF < 1.1 IF1(Max) is guaranteed. Current-Limiter Diode 

3. Minimum Ve required to insure IF > 0.9 IFy(Min)- V-| Characteristic 


0 


xiIuoodi 
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J552 (J9100) 


iconix 


n-channel JFETs 


psy 


Siliconix 


current regulator diodes 
designed for eee Performance Curves NKL 


See Section 4 


BENEFITS 
# Current Regulation © Low Cost 


ae ee § @ Simple Two Lead Current Source 
@ Current Limiting @ Simplifies Floating Current Sources 


@ Biasing 


@ Linear Ramp and Staircase 
Generator 


ABSOLUTE MAXIMUM RATINGS (25°C) 


Peak Operating Voltage 
Forward Current 
Reverse Current 
Total Device Dissipation 
(25°C Free Air Temperature) 
Power Derating (to +125°C) 
Storage Temperature Range —55 to 135°C 
Operating Temperature Range —55 to 135°C 
Lead Temperature Range 
(1/16’’ from case for 10 seconds) 


ELECTRICAL CHARACTERISTICS (25°C unless otherwise noted) 


Characteristic 
IF | Forward Current (Note 1) 
Peak Operating Voltage 
(Notes 1 and 2) 
VL Limiting Voltage (Note 3) 


No Power Supplies Required 


TO-92 
See Section 6 


ANODE 
CATHODE 


c 
A 


Bottom View 


Plastic 


Test Conditions 
Ve = 100 V 
Ve = 2507 
VeE=1.0 V 


Ie = 1.17 TEy (Max) 
Vv 
IF = 0.9 IF) (Min) 


Small-Signal Dynamic 44 20 Mo | Ve =25V,f=1 kHz 
Impedance (Note 1) 


NOTES: 

1. Pulse test duration = 2 ms. 

2. Maximum Ve where If < 1.1 ley (Max) is guaranteed. 
3. Minimum VF required to insure Ip > 0.9 TEI (Min)- 


2-58 


NKL 


current regulator diodes _ ..5.. 


designed for e e@ © Performance Curves NCL 


See Section 4 


= Current Regulation — BENEFITS 
Rens @ Simple Two Lead Current Source 
io Current Limiting @ In Low Cost Plastic Package 


BS Biasing @ Simplifies Floating Current Sources 
No Power Supplies Required 


=m Low Voltage References 


TO-92 
ABSOLUTE MAXIMUM RATINGS (25°C) See Section 6 
PeermOMerstingmyOltage. 6. LA ees 50 V pace 
Re OE vein ess Ree ek cee sn le ee HE 20 mA 
SoS eee ON cue) 7 a rn eh es 50 mA 
Total Device Dissipation at 25°C Ambient 
MAT EIOPAAMIW) GC) oii oun ee ec eee es 360 mW ANODE 
Operating Temperature Range............. —55 to 135°C s 
Storage Temperature Range............... —55 to 150°C 
Lead Temperature Range A 
(1/16 from case for 10 seconds) .............. 300°C CATHODE . 
ottom View 


ELECTRICAL CHARACTERISTICS (25°C unless otherwise noted) 


Dynamic Knee 
Regulator Current pole ia wehbe Peak op Volt Impedance Impedance 


IF=0.8 IE\(min) 'FF 1-1 
Nominal 
mA 


Max Typical Ie) (Max) Typical Typical 
Volts Min Volts Megohms Megohms 


‘ZK 


2 


a 
je) 
NO 
oi 


J557 


NOTES: NCL 
1. Pulse test—steady state currents may vary. 

2. Pulse test—steady state impedance may vary. 

3. Min Ve required to insure IF>0.8 IF4 (min). 

4. Max Ve where Ip < 1.1 IF 4(max) iS guaranteed. 
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£Ssf o9ssgr ssocr pssr essr 


xIuUgoJI 


JPADS JPADIO JPAD20 


JPADSO JPAD100 JPAD200 JPAD500 


iconix 


low-leakage siieonix 
pico-amp diodes 
designed for... 


= High Impedance Diode BENEFITS 
Switching @ Low Cost 


# High Dynamic Range Log Amps 
# High Isolation Protection 


Circuits 
TO-92 
See Section 6 

ABSOLUTE MAXIMUM RATINGS (25°C) 7 prods 
Forward Current: gam oo eee ee es ee ee 10mA 
Total:Device’Dissig@e@it. .o. ec. ch hes co dhiee 360 mW 
Storage Temperature Range............ —65°C to +135°C c 
Lead Temperature 

(1/16 from case for 10 seconds) ............. 300°C 


{03 
Bottom View 


ELECTRICAL CHARACTERISTICS (25°C) 


cS 
3 
=. 


Test Conditions 


Characteristic 


| 
ao 


(= 

ae) 

> 

io] 

Oo 

oF 

< 
ae) 


| 
i) 
oO 


1 IR Reverse Current (Note 1) 


cn 
ro) 
UD 
> 
< 
D 
T 

| 
N 
co) 
< 


= 
32 
> 
O 
oi 
(2) 


JPAD100 
JPAD200 


| 
NO 
fo) 
o 


a 
S) 
oO 


JPADS00 | |-500 
2 BVR Breakdown Voltage (Reverse) —35 80)" | vt lp —eHA 
3 Ve Forward Voltage Drop eae iis eae IF =5mA 
D 
4 CR Capacitance | frs[ 20] or | VR=-5V,f=1 MHz 


NOTE: 
1. The JPAD type number denotes its maximum reverse current value in Pico amps, 


Devices with IR values intermediate to those shown are also available on request. 
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enhancement-type 
p-channel MOSFET 


designed for... 


& High-Input 
Impedance Amplifiers 


Smoke Detectors 
Electrometers 
pH Meters 


| ABSOLUTE MAXIMUM RATINGS (25°C) 


Drain-Source Voltage 
ner aITCe UO MIEAUG eg Le oo OP RRP. +10 V 
Drain Current 
Total Device Dissipation at (Or Below) Ta = 25°C 
(Derate 3 mW/°C to +150°C) 
Operating Junction Temperature 
Storage Temperature 
Lead Temperature 
(1/16"’ from case for 10 seconds) 


ELECTRICAL CHARACTERISTICS (25°C) 


Characteristic 


S less Gate-Source Leakage Current 


T = eS Drain-Source Breakdown Voltage 
A 


ON Drain Current 


Common-Source Forward 
Transconductance 


Common-Source Input 
Capacitance 


Common-Source Reverse 
Transfer Capacitance 
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45 


Siliconix 


€7c83iWwW 


Performance Curves MRA 
See Section 4 


BENEFITS 
@ High Input Impedance 

IGss = 30 Femto Amp Typical 
@ High Gain 

g¢5 = 1000 pmho Minimum 


TO-18 
See Section 6 


Test Conditions 
VGS- 70 Vso 
Ip =-10 vA, Ves = 0 
Vps =-10 V, Ip =-10 uA 
Vps =-10 V, V@s = 0 
Vps =—-10 V, VGsg =—-10 V 


VoseqtOV.dpei2 mA, f= TkHz 


Vos =710V,VEsg = —10 V, f = 1MHz 


0) 


xMIUODI 


MPF102 


iconix 


n-channel JFET 


designed for... 


@ VHF/UHF Amplifiers 
= Mixers 
= Oscillators 


ABSOLUTE MAXIMUM RATINGS (25°C) 


DraintGatetVoltage ssn e: kee tet ae hs 1 a ae Z25.V. 
source-Gate;Voltagemanit sc Meee ea eee eee 25 V 
Drain-Source; Voltageywe tice ee ee 25 V 
Rorward' Gate: Gurrentserine eae a) ent ee 10mA 
Total Device Dissipation at 25°C Ambient 


(Derate'3/27/mW/2C) RATIWGR RYE)... 360 mw 
Operating Temperature Range............. —55 to 135°C 
Storage Temperature Range............... —55 to 150°C 
Lead Temperature Range 

(1/16” from case for 10 seconds) .............. 300°C 


Characteristic 


1. Pulse test PW = 300 us; duty cycle < 3%. 
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ELECTRICAL CHARACTERISTICS (25°C unless otherwise noted) 


IGss Gate Reverse Current 
s : 
T Gate-Source Breakdown 2 
: A BVGss Voltage ao 
Tr 
Gate-Source Cutoff 
*] g L1SSleft)__Vottage Piso [eee 
Cc 
5 Ipss Saturation Drain Current 
6 VGsS Gate-Source Voltage 
Common-Source Forward 
v Sfs Transconductance } 2000 | (500 a 
8 Re Common-Source Forward 
D (yfs) Transconductance 
Y z ‘ = umhos 
ommon-Source Output 
9IN Re(y os) Contintane awed 200 f = 100 MHz 
a Vps = 15 V, Veg =0 
M Common-Source Input 
1 : 
: 1 Re(yig) Conductance Frac S06 
1 c C: Common-Source Input 70 
Iss Capacitance ‘ 
pF f = 1 MHz 
12 Cc Common-Source Reverse 30 
rss Transfer Capacitance . 
NOTE: NH 


Ds f 


Siliconix 


Performance Curves NH 
See Section 4 


BENEFITS 


@ Low Cost 
@ Automatic Insertion Package 


TO-92 
See Section 6 


Plastic 


Ss 


Source & Drain 
Interchangeable 


Bottom View 


Test Conditions 


Vgs =-15 V, Vps = 0 
oe OS | Ta = +100°C 


Ig =—-10yuA, Vps =0 


iS 


Vps=15V,Ip=2nA 


3 


2) 


A Vps = 15 V, Vgs = 0 (Note 1) 
Vps = 15 V, Ip = 200 vA 


< 


n-channel JFET ase 
designed for oe ece Performance Curves NH 


See Section 4 
@ VHF/UHF Amplifiers — BENEFITS 


i @ Low Cost 
@ Mixers @ Automatic Insertion Package 


80 LadW 


= Oscillators 


TO-92 
See Section 6 


ABSOLUTE MAXIMUM RATINGS (25°C) 


Drain-Gate Voltage 
Source-Gate Voltage 
Drain-Source Voltage 
Forward Gate Current 
Total Device Dissipation at 25°C Ambient 
(Derate 3.27 mW/°C) 
Operating Temperature Range —55 to 135°C 
Storage Temperature Range —55 to 150°C 
Lead Temperature Range 
(1/16"’ from case for 10 seconds) 


Plastic 


Ss 


Source & Drain 
Interchangeable 


Bottom View 


ELECTRICAL CHARACTERISTICS (25°C unless otherwise noted) 


Characteristic | Min | Max | Unit | Test Conditions 


ae Gate Reverse Current VGs =—15 V, Vps'=0 


Gate-Source Breakdown 
Iq=- A,V 0 
T Alavess eel G 10 DSim 


1 \VGsioft) Gate-Source Cutoff Voltage Gate-Source Cutoff Voltage| 0.5 | Vg = 18 V. (plu Anwer ole | =15V,Ip=10uA 


Ipss Saturation Drain Current eae Vps = 15 V, VGs =0 (Note 1) 


Common-Source Forward 7500 
Transconductance 


Common-Source Output 
Conductance 


Ta = +100°C 


Jos 


Common-Source Forward 


Re(y¢s) Transconductance 


Common-Source Output 


rr = f = 100 MH 
Conductance Vps = 15 V, V@sg = 9 z 


Re(Yqs) 


Common-Source Input 


Reis) Conductance 


Common-Source Input 
Capacitance 


1 Common-Source Reverse 
Transfer Capacitance 


13 Vps = 15V,Vgg=0,RG=1MQ | f=1kHz 
Noise Figure 
14 eral eso) Vps = 15V,Vgs=0,RgG=1KQ2 | £=100MHz 


NOTE: : NH 
1. Pulse test, pulse width = 300 us, duty cycle < 3%. 


xMIUoODI 
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n-channel JFET 


designed for... 


= General Purpose Amplifiers 


MPF109 


= Analog Switches 


ABSOLUTE MAXIMUM RATINGS (25°C) 


Drain-Gate Voltage 

Source-Gate Voltage 

Drain-Source Voltage 

Forward Gate Current 

Total Device Dissipation at 25°C Ambient 
(Derate 3.27 mW/°C) 


5 


Siliconix 


Performance Curves NRL, NP 
See Section 4 


BENEFITS 


@ Low Cost 
@ Automatic Insertion Package 


TO-92 
See Section 6 


Plastic 


Operating Temperature Range —55 to 135°C 
Storage Temperature Range —55 to 150°C 


Lead Temperature Range 
(1/16”’ from case for 10 seconds) 


Ss 


Source & Drain 
Interchangeable 


Bottom View 


ELECTRICAL CHARACTERISTICS (25°C unless otherwise noted) 


Characteristic 


Gate-Source Breakdown 
Voltage 


T 
1 | YGS(off) Gate-Source Cutoff Voltage 
Cllpss Saturation Drain Current 


Common-Source Forward 
Transconductance 


Common-Source Output 
Conductance 


Common-Source Input 
Capacitance 


Common-Source Reverse 
Transfer Capacitance 


Noise Figure 


icon 


. Pulse test PW < 630 ms, duty cycle < 10%. 


Test Conditions 
Ves=—15V, Vps=0 
Ig =-10 vA, Vps = 0 


Vps=15V, Ip =10uA 
Vps = 15 V, Veg = 0 (Note 1) 


Vps = 15 V, Veg = 0 


Vps = 15 V, Ves =0, me 
Rg = 1Ma f=1 kHz 
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n-channel JFET 


designed for... 


= General Purpose Amplifiers 
@ Analog Switches 


ABSOLUTE MAXIMUM RATINGS (25°C) 


Drain-Gate Voltage 
Source-Gate Voltage 
Drain-Source Voltage 
Forward Gate Current 
Total Device Dissipation at 25°C Ambient 

(Derate 3.27 mW/°C) 360 mW 
Operating Temperature Range —55 to 135°C 
Storage Temperature Range —55 to 150°C 
Lead Temperature Range 

(1/16” from case for 10 seconds) 


15 


Siliconix 


Performance Curves NRL, NP 
See Section 4 


BENEFITS 


@ Low Cost 
@ Automatic Insertion Package 


TO-92 
See Section 6 


Plastic 


Ss 


Source & Drain 
Interchangeable 


Botton View 


ELECTRICAL CHARACTERISTICS (25°C unless otherwise noted) 


Characteristic 


ae Gate-Source Cutoff Voltage 
oS 


N | 9os Common-Source Output Conductance 
? Ciss Common-Source Input Capacitance 


Common-Source Reverse Transfer 


C | Crss Capacitance 


NOTE: 
1. Pulse test PW < 630 msec, duty cycle < 10%. 


2-65 


Test Conditions 
VGs =—-10 V, Vps = 0 
Ig =—-10 vA, Vps = 0 
Vps=10V,Ip=1HA 
Vps = 10 V, VGgs = 0 (Note 1) 


Vps = 10 V, Ves = 0 


LL LaidW 


xXIUOJI 


MPF112 


iconix 


n-channel JFET 


designed for... 


@ VHF/UHF Amplifiers 
= Mixers 
BH Oscillators 


ABSOLUTE MAXIMUM RATINGS (25°C) 


Drain-Gate Voltage 

Source-Gate Voltage 

Drain-Source Voltage 

Forward Gate Current 

Total Device Dissipation at 25°C Ambient 
(Derate 3.27 mW/°C) 

Operating Temperature Range 

Storage Temperature Range 

Lead Temperature Range 
(1/16” from case for 10 seconds) 


Ds 
Siliconix 
Performance Curves NH 
See Section 4 


BENEFITS 


@ Low Cost 
© Automatic Insertion Package 


TO-92 
See Section 6 


Plastic 


Ss 


Source & Drain 
Interchangeable 


Bottom View 


ELECTRICAL CHARACTERISTICS (25°C unless otherwise noted) 


Characteristic 


1 


Saturation Drain Current 


Common-Source Forward 
Transconductance 


Common-Source Forward 
Transconductance 


Common-Source Input 
Capacitance 


Common-Source Reverse 
Transfer Capacitance 


1. Pulse test PW = 300 us, duty cycle < 3%. 


Test Conditions 


nA Vgs =-10 V, Vps =0 
Ig =-10 uA, Vps = 0 
Vps=10V,Ip=1HA 
mA Vps = 10 V, Ves = 0, (Note 1) 


f= 1 kHz 


f = 100 MHz 


Vps = 10 V, Veg = 0 
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Siliconix 


designed for ar ar Performance Curves PS 


See Section 4 


p-channel JFETs 5 


@ Analog Switches BENEFITS 


@® Low Insertion Loss 
= Choppers 'DS(on) = 75 2 Maximum (P1086) 


a Commutators @ No Offset or Error Voltages Generated 
by Closed Switch 


Purely Resistive 


ABSOLUTE MAXIMUM RATINGS (25°C) 
Gate-Drain or Gate-Source Voltage (Note 1) Ag be: 6 
Gate Current 
Total Device Dissipation at 25°C Ambient 
(Derate 3.27 mW/°C) 
Operating Temperature Range —55 to 135°C 


Storage Temperature Range —55 to 150°C 
D 4 G 
Ss 
: ) =) 
D Da— 
Ss 
Ss Ss 


SilaaS PLL SLUVd GaiddsdIad 


SL-Z80ld L8O0ld SL-980ld 980ld 


Lead Temperature Range 
(1/16” from case for 10 seconds) 
Source & Drain 
Interchangeable Bottom View Bottom View (-18) 


ELECTRICAL CHARACTERISTICS (25°C unless otherwise noted) 


Uv 
= 
fee] 
oa 
v0 
—_ 
o 
[ee] 
~ 


Characteristic Test Conditions 


Gate-Source Breakdown 


BVGss Voltsge Vv IG=1uA, Vps=0 


IGss Gate Reverse Current VG6s= 15 V, Vps =0 


Ss 


mS ¢ 
DID > = 


< 


Vps =—15 V, VGs = 12 V (P1086) 


ID(off) Drain Cutoff Current uA |VGs=7 V (P1087) Ta = 85°C 


T| 'pGo Drain Reverse Current ViDNGselo Vlg 0 


Ta =85°C 


N ow 
bran 


4 9 
[o) (2) 


C] VGs(off) Gate-Source Cutoff Voltage Vv Vps=—!15 V. lp =—-1 HA 
A |Vps=-20V,VGs=90 


VGs = 0, Ip =—6 mA (P1086), Ip =—3 mA (P1087) 


Ipss Saturation Drain Current 
VpS(on) Drain-Source ON Voltage 


Static Drain-Source ON 


Q Ip=- A, V = 
Resistance D i asi 0 


ipi=02 Ves =0 f = 1 kHz 


Vps==15:ViV Gs =0 
f = 1 MHz 


Vps = 0, Vgg = 12 V (P1086) 
VGs = 7 V (P1087) 


'DS(on) 


'ds(on) Drain-Source ON Resistance 


Cc: Common-Source Input 
Y | iss Capacitance 


2 
E 


75 
25 
100 


p 
Common-Source Reverse 


Transfer Capacitance 


| <0 | 


Crss 


S| td(on) | Turn-ON Delay Time Vpp = —6 V, VGS(on) = 9 


VGS (off) ID(on) 
P1086 12V 6 mA 
P1087 7V ~3mA 


Rise Time 


—— 


o |a N] oO N 
= 


a td(off) | Turn-OFF Delay Time 
Hy tf Fall Time 


[o) oa ol ol NO] oO N 


NOTE: 
1. Due to symmetrical geometry, these units may be operated with 
source and drain leads interchanged. 


xIUODI 
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low-lea ka e anes 
pico-amp diodes 
designed for... eae 


e ; A H @ Very High Off-lsolation 
= Clipping Circuits 1 pA Max (PAD1) 


& Diode Switching 


= High Impedance 
Protection Circuits 


TO-18 
See Section 6 


ABSOLUTE MAXIMUM RATINGS (25°C) 


Forward Currentebtiay. ato). occ cece se Sasthesamate ete 50 mA 

Total Device Dissipation’. 20)... 0... 0. wee oe whale 300 mW pene 
Storage Temperature Range............ -55°C to +125°C ANODE CASE 
Lead Temperature Cal 
11/16 from case for 10 séeonds) 2.2.5.2. 02 0.025. 300°C CATHODE 


PLASTIC EQUIVALENT JPAD5 SERIES 


PAD1 PAD2 PADS PAD10O PAD20 PAD50 PAD100 


ELECTRICAL CHARACTERISTICS (25°C unless otherwise noted) 


Characteristic Test Conditions 


IR Reverse Current 


Pe-45i | a] 4207 | PADI, 2,5 
BV Breakdown Voltage (Reverse) IR=-1uUA 
: : a PAD10, 20, 50, 100 


OLOInNIOI al!T RP] _ wiry I — 
O-4a>rP40 


10] [ve Forward Vonage brop |__| oa | 15 


Capacitance 


ein 
1 CONTROL SIGNAL 


iconix 


APPLICATION 
Operational Amplifier Protection.Input Differential Voltage limited Typical sample and hold circuit with clipping. PAD diodes reduce 
to 0.8 V (typ) by PADS D1 and Dz Common mode input voltage offset voltages fed capacitively from the FET switch gate. 

limited by PADS D3 and Dg to +15 V. 
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n-channel JF ETs abs 
designed for .. . Sel a a 


; BENEFITS 

ei Analog Switches ® Low Insertion Loss 

High Accuracy in Test Systems 
= Commutators 'DS(on) < 30 & (PN4091) 

® High Off-lsolation 

m Choppers ID(off) < 200 pA 

e @ High Speed 
@ Integrator Reset Switch nl eS Ng 

@ Short Sample and Hold Aperture Time 

° Crss <5 pF : 
ABSOLUTE MAXIMUM RATINGS (25°C) Plastic 
Reverse Gate-Drain or Gate-Source Voltage......... -40 V See phd 6 
Co G.0 5) as he EVE MTR THe yk beeen 10 mA g 
Total Device Dissipation at 25°C Ambient 

berate aeogaNW/ CO) ioiviecsaekd oc. eee cine oe 360 mW 3 
Operating Temperature Range............. —55 to 135°C 
Storage Temperature Range............... —55 to 150°C ; 
Lead Temperature Range a 4 
(1/16” from case for 10 seconds) .............. 300°C [:) ae 
ELECTRICAL CHARACTERISTICS (25°C unless otherwise noted) Bottom View Mieabirahait 
oF PN4091 PN4092 PN4093 
Characteristic nit Test Conditions 


BVGss ___ Gate-Source Breakdown Voltage 


IDGO Drain Reverse Current 


IG =-1yuA, Vps =0 


N 
jo) 
oO 
N 
j=) 
o 


VGs =-20 V, Is =0 
GS S 150°C 


Vgs=- 6V 
Vps=20V | Ves=- 8V 


VG6s=-12V 


N NO 
(=) jo) 
o o 


ID(off) Drain Cutoff Current 


10 VGS(off) Gate-Source Cutoff Voltage 
Tr | Saturation Drain Current 
DSS (Note 1) 


N 
jo) 
(=) 


150°C 


SOs [Onks orl s to Cc 


Vos = 20V, Ip =1nA 


1) 
N 
(=) 
oO 
= \ 
on No 
N 


12 te seven mae ae Ip = 2.5 mA 

13 VDS(on) Drain-Source ON Voltage Een ee eee Be ee eS Vv VGs=0 Ip=4 mA 

id Px Sn a a re iD = 6.6 mA 
BE ed oa eel 


15 DS(on) Static Drain-Source ON Resistance 
rds(on) Drain-Source ON Resistance 


Ciss Common-Source Input Capacitance 
Cc Common-Source Reverse Transfer 
rss Capacitance 
19 : td(on) Turn-ON Delay Time 


VGs =0, Ip =0 = 1kHz 
Vos = 20 V, Ves = 0 
pF f = 1MHz 


o}ula 


Vps =0, VGs =-20 V 


= | 
ao 1nto 

— 

[o>) 


VpD = 3 V, VGS(on) = 0 
ID(on) VGS(off) RL 


20 


; PN4092 4 -8 700 
21 t Turn-OFF Time 
eee Oe ee a eaMioe res 
Vo NC 
INPUT PULSE SAMPLING SCOPE 
NOTE: Rp RISE TIME <1ns RISE TIME 0.4 ns 
1. Pulsewidth = 300 us, duty cycle < 3%. D Vout FALL TIME <1ns INPUT RESISTANCE 10 M 

Vin PULSE WIDTH 1 us INPUT CAPACITANCE 1.7 pF 


s PULSE DUTY CYCLE < 10% 
= PULSE GENERATOR IMPEDANCE 502 
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E60UNd Z60PNd L600Nd 


xiIuUgoJI 


PN4117 PN4117A PN4118 PN4118A 
PN4119 PN4119A PN4120 PN4120A 


iconix 


Sil 


n-channel JFETs s 


Siliconix 


designed for bt RO be Performance Curves NT 


See Section 4 


@ Ultra-High Input BENEFITS 


Impedance Amplifiers © Low Power 
Ipsg < 90 uA (PN4117) 
Electrometers © Minimum Circuit Loading 
nl Meters IGss < 1 pA (PN4117A Series) 


Smoke Detectors 


ABSOLUTE MAXIMUM RATINGS (25°C) 


Reverse Gate-Drain or Gate-Source Voltage......... 


Gate. Corned. vores norte rete. onus aot ny oman 10 mA TO-92 Plastic 
Total Device Dissipation at 25°C Ambient See Section 6 
(Decateys 2 7pmaW eC) eeop evans. . hos a ee 360 mW D 
Operating Temperature Range............. —55 to 135°C 
Storage Temperature Range............... —55 to 150°C G 
Lead Temperature Range . 
(1/1 Gia fromcasentoted O'secondsiise a ane etre 300°C 
(:) 
D G 


Bottom View : 


Source & Drain 
Interchangeable 


ELECTRICAL CHARACTERISTICS (25°C unless otherwise noted) 
PN4117 PN4118 PN4119 PN4120 
Characteristic PN4117A PN4118A PN4119A PN4120A Unit Test Conditions 


| Min | | Min | 
1 | Gate Reverse Current pelt 10! | al sik e203 | 
3 z Gate Reverse Current (Typical) baeciuis lessee] Maen | ices aa 
5 
6 


=2 


fo) 


j , 
VGs = -20 V,Vps=0 100°C 


V =-20V,V =0 


biases 

eto) 

| 40 | Ig =-1HA, Vps =0 
: 


T [ Bigsp er urea tgs alfa anf wae 
© [Vesioty GnesouceCuot'vorwe | o6[ae] | a) 2) 


Saturation Drain Current 
; .08 .24 5 : 
u IDSs (Note 2) 0) 0 0.20 0 


3 
Common-Source Forward 


Vps=10V, Ip =1nA 


Y Lumho f= 1kHz 
Common-Source Output 
4) Vps = 10 V, Vgs = 0 
10 M CG Common-Source Input 3 3 3 2 
| Usk Capacitance 
Cc pF f = 1 MHz 


Common-Source Reverse ‘Transfer 
; Crss Capacitance Gamay [pee bo OE RE i oe Pee 


NOTES: 
1. Due to symmetrical geometry, these units may be operated with source and drain leads interchanged. 
2. This parameter is measured during a 2 ms interval 100 ms after power is applied. 
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n-channel JFETs cs 


Siliconix 


designed for en0 6 Performance Curves NP, NH 


See Section 4 


@ General Purpose Amplifiers BENEFITS 


@ Low Cost 
®@ High Input Impedance 
IG = 35 pA Typically 
@ Low Noise 
@n = 5 nVA/Hz Typically @ 1 kHz 


TO-92 
ABSOLUTE MAXIMUM RATINGS (25°C) See Section.¢ 


Plastic 

Gate-Drain or Gate-Source Voltage (Note 1)....... —30V 
Sateen ee, Peo en, 50 mA 
Total Device Dissipation at 25°C Ambient 

PY OS SEAe he 360 mW 
Operating Temperature Range............. —55 to 135°C 
Storage Temperature Range............... —55 to 150°C 
Lead Temperature Range 


(1/16” from:case for 10 seconds) .............. 


Bottom View (-18) 


ELECTRICAL CHARACTERISTICS (25°C unless otherwise noted) pone Oren 


Interchangeable 


Bottom View 


Characteristic 


Gate Reverse Current (Note 2) 


BVGss Gate-Source Breakdown Voltage 
VGS(off) Gate-Source Cutoff Voltage 
Ipss Saturation Drain Current (Note 3) 


Common-Source Forward 

6 Transconductance (Note 3) 1060 
Common-Source Output 

7 
Conductance 


Test Conditons 


Emin | 
i eee Vega ON, 
pa | or | ua [vg <0 SPE? 


VES AA Mipys = © 
Vps = 20 V, Ip =10nA 


Bas x 


uv 
2 
LS 
Ww 
[=] 
& 
cS 
=) 
=s 


QA Tsp fo | nyn fo 
A-AbPAH 


a o 
rT 
Ww 
j=) 
(@} = = 

| 
Ww 
o 


8 D Cc Common-Source Reverse Transfer 3 3 
Y SE Capacitance " 
f = 1 MHz 
Ys Common-Source Input Capaci- 
3 Ciss tance 
M 
I 


tf 


Common-Source Short Circuit 
lYfs| Forward Transadmittance 
(Note 3) 


12 70 f = 10 MHz 


Vipg = 10, f =1 kHz, 


NOTES: 
1. Geometry is symmetrical. Units may be operated with source and drain leads interchanged. 
2. Approximately doubles for every 10°C increase in UN 

3. Pulse test duration = 2 ms. 
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COEUNd 


VOEVNd COtyNd 


U 
& 
rs 
(3 
=) 
Ie 
onl 
oo 
U 
r 
rs 
is 
@ 
x) 
—_ 
) 
Uv 
” 
oa 
Gd 


xKIuUosDI 


PN4391 PN4392 PN4393 


PN4391-18 PN4392-18 PN4393-18 


iconix 


n-channel JFETs aches 
designed for eee Performance Curves NC 


See Section 4 


= Analog Switches BENEFITS 


@ Low Insertion Loss 
i Commutators @ No Offset or Error Voltages Generated 
m Choppers 


by Closed Switch 
Purely Resistive 
High Isolation Resistance from 


Driver 
@ Low Cost 
Plastic 
ABSOLUTE MAXIMUM RATINGS (25°C) 
Reverse Gate-Drain or Gate-Source Voltage ......... —-40 V See Lema 6 
ForwWanaeurate CUMS. ocho tte ete ce cece kooks 50 mA 
Total Device Dissipation at 25°C Ambient 
(Derate. 3.27 MVW/ke) oes ce ue are 360 mW r 
Operating Temperature Range............. —55 to 135°C 
Storage Temperature Range............... —55 to 150°C F ; 5.1 Create 


Lead Temperature Range ncocpheoretia’ 


S 
(1/16” from case for 10 seconds) .............. 300°C [f) * 
Ss o 
Dj a 


ELECTRICAL CHARACTERISTICS (25°C unless otherwise noted) Bottom View iBottone Ulawniiae 
Characteristic Gm Test Conditions 
On Hace PR Se 
| Gate R € t ES Vesis | ves=-20v,Vos=2 | V,V 0) 
zie pane ob pee ae nivel ves z0Msoe 8A) cc 100°C 
BVGss Gate-Source Breakdown Voltage Keath (ON = 0 


I D(off) Drain Cutoff Current 


OFOInNIO ITO |REwW try J — 


O-4ArPAn 


ue eae aca 
Gea ete m | ves=3¥ 
ataprncen recs sec ot 


10 Cl Vesiott) Gate-Source Cutoff Voltage | -10 | 2 | -5 | | 05 | 5 Vps = 20 V7 Ip =1 seal 
11 Ipss Saturation Drain Current (Note 1) | 150 | 25 | 100 | ae Vps = 20 V, Vg@s = 0 


12 ae one eles Ip =3mA 
13 V DS(on) Drain-Source ON Voltage BS eS a er ee VGs= 0 Ip =6mMA 


Ip =12mA 


1 OG 


eT TE 


18 imine ert | Vos =-5V 
Common-Source Reverse Transfer 
Capaniinaee Fa pF Vps=0 VGs 7V f= 1 MHz 
20 Vgs =-12 V 
21 en Turn-ON Delay Time 


IDion) VGsloff) Rr 
PN4391 12mA —-12V 800 2 


PN4392 6 =z) 1.6K 


PN4393 3 5 3.2K 


22 
td(off) Turn-OFF Delay Time 


sib 
ike 
Bees Vpp = 10 V, VGsi(on) = 9 
cae 
s caso 
26> | Rep a Tinea a 


NC 


NOTE: 
1. Pulse test required, pulse width = 300 us, duty cycle < 3%. 
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= ae Ne es 
> Ww NOT 


n-channel JFETs 


designed for... 


@ VHF Amplifiers 
@ Mixers 


ABSOLUTE MAXIMUM RATINGS (25°C) 


Gate-Drain or Gate-Source Voltage............... —30V 
com ermeemmae re SY Ere ee 10mA 
Total Device Dissipation at 25°C Ambient 

Peerammrmery mW/.C)..[.......... k,l 360 mW 
Operating Temperature Range............. —55 to 135°C 
Storage Temperature Range............... —55 to 150°C 
Lead Temperature Range 

(1/16” from case for 10 seconds) ............... 300°C 


Characteristic 


IGss Gate Reverse Current 


BVGss Gate-Source Breakdown Voltage 


30 


—— Gate-Source Cutoff Voltage 


+ Ww Ny] 


5 | Ipss___Saturation Drain Current (Note) CS Saturation Drain Current (Note 1) 

6 Ofs Common-Source Forward Transconductance 4500 

ae re 

a [Al cx Conmonsaure Rowe Tarte Caesionee | 

Seer 
Cc 


Common-Source | Coss___Common-Source Output Capacitance CS Capacitance 


| Coss___Common-Source Output Capacitance CS 


Characteristic 


N 
oa 
oO 
(S} 


Giss Common-Source Input Conductance 
Diss Common-Source Input Susceptance 


Common-Source Output 


Joss Conductance 


Common-Source Output 
Susceptance 


a Source Forward 
Sa 


| Gps____Common-Source Power Gain _| Source Power Gain 


Peeters Peeters 


NOTES: 
1. Pulse test duration = 300 us. 
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s 
(2) 
3 

> 


p= 
So 
So 
i 

BE 
N 

S 

s 

=. 


psf 


Siliconix 


Performance Curves NH 
See Section 4 


U 
r 
a 
os 
cea 
Oo 


BENEFITS 


® Low Noise 

NF = 3 dB Typical at 400 MHz 
@ Wide Band 

High gf./Cj,, Ratio 


Plastic 


| 
Ss 


Test Conditions 


TO-92 
See Section 6 


D 
G 
Ss 
G 
D 
Ss 


Bottom View 


Source & Drain 
Interchangeable 


Unit 


VGS=-15V, Vps=0V 


IG =-1uA, Vps=0V 


Vps=15V,Ip=1nA 


mA 


7500 


mho 


is 


Vps=15V,VEs=0V 


f= 1 MHz 


ue) 
aa 


Test Conditions 


Vps = 15 V,Vgs=0V 


Vps=15V,Ip=5mA 


ape 

Vps = 15 V, Ip =5mA, Rg =1KQ =e 
0 

_ NH 0 

aa 

ape 

x 


PN5163 


iconix 


n-channel JFET sie ix 
designed for... 


= Low and Medium Frequency BENEFITS 
Amplifier S @ Low Cost 


TO-92 
ABSOLUTE MAXIMUM RATINGS (25°C) See Section 6 


Gate-Drain or Gate-Source Voltage............... —25V k Plast 
Gate. Cutiearstre WD) ee oe, be steals ae eee 10mA 
Total Device Dissipation at 25°C Ambient r 

(Deratensioy, mW C)iemaad: ete vee eileen: 360 mW 
Operating Temperature Range............. —55 to 135°C s 
Storage Temperature Range............... —55 to 150°C 
Lead Temperature Range 

(1/16” from case for 10 seconds) .............. 300°C ) 

s G 
Ss 


Bottom View 


Source & Drain 
Interchangeable 


*ELECTRICAL CHARACTERISTICS (25°C unless otherwise noted) 


Characteristic | Unit | Test Conditions 


| Min | Max _| 
; BVGss Gate-Source Breakdown Voltage ae Ig =-10 vA, Vps = 0 


Common-Source Forward 


NI] OT Oo] &] oO] MI— 


- fs Transconductance 2000} 9000 f=1 kHz 
9 p| Yos Common-Source Output Conductance fier hr 200) umho 
Common-Source Forward 
4° N Sfs Transconductance ge00 ane Vps = 15 V, Ves = 0 
11 M Ciss Common-Source Input Capacitance f=1MHz 
Common: Source Reverse Transfer 
13 Common-Source Spot Noise Figure INF Common-Source Spot Noise Figure | | 3.0] aB | Rg = 150k 2 
f=1 kHz 
Equivalent Short Circuit Input Noise nv_| Vps=15V,!p=1mA NBW = 150 Hz 
N Voltage Hz 


*JEDEC registered data 
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n-channel JFETs cg 


Siliconix 


designed for AL kad Performance Curves NC 


See Section 4 


# Analog Switches | BENEFITS 


@ Low Insertion Loss 


= Commutators 'DS(on) < 50 & (U202) 


® Good Off-lsolation 
ID(off) <1nA 


= Choppers 


ABSOLUTE MAXIMUM RATINGS (25°C) Pk ae: 


Gate-Drain or Gate-Source Voltage ............... 


PrCIUMOMLGN Gifs stsisici). ehiarhs wa a se a. FET 50 mA 
Total Device Dissipation at 25°C Case Temperature 
Dare UW G)” writs Uy od ee ee ee 1.8 W D 
Storage Temperature Range.............. -65 to +200°C 
Lead Temperature : ae 


(1/16” from case for 10 seconds).............. 


ELECTRICAL CHARACTERISTICS (25°C unless otherwise noted) 


Characteristic 


[Min | Max | Min | Max | Min | Max | 
ee eee 
$ [avess _ GateSouce Breakdown Voie | 30] [zo] [0] | 

| 5 | -35 | -10 | 
[isl ba te ob 
4 


4 IG = -1 HA, Vps =0 
rr 


A En 
Bae me ee pe braryecou atmeenerer 
D(off) Drain Cutoff Current DS »V¥GS = 
i “eae (eee pers | A 150°C 
6 Ipss Saturation Drain Current (Note 1) | 3} a] 15] 75] 30] 150] ma Vps = 20 V, Ves =0 


v/ ds(on) Drain-Source ON Resistance aa Taf aha Ves =0, Ip =0 P—1ikhiz 
D ‘ Common-Source Input ry o: 
N = 

9 C. Common-Source Reverse Transfer eal ee Vps = 0, Vgg =-12 V 


Capacitance 
NOTE: NC 
1. Pulse test required, pulsewidth = 300 usec, duty cycle < 3%. 


Test Conditions 


Vgs = -20 V, Vps = 0 > 
SS DS 150°C 


PlwlrNn]— 
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cOTN LOTN OOTN 


xXiIuUoDI 


U231 U232 U233 U234 U235 


iconix 


monolithic dual aie 
n-channel JFETs 
designed for... Sse'Sechon ao" NOP 


= Differential Amplifiers BENEFITS 
@ Good Matching Characteristics 


TO-71 
See Section 6 


ABSOLUTE MAXIMUM RATINGS (25°C) 


Gate-Drain or Gate-Source Voltage 

Gate Current 

Total Device Dissipation at 25°C 
(Derate 1.7 mW/°C to 200°C) 

Storage Temperature Range 

Lead Temperature 


(1/16" from case for 10 seconds) 
Bottom View 


Characteristic | Max | Unit | Test Conditions 


IGss Gate Reverse Current ef VaGs = -30 V, Vps = 0 150°C 
p yeast] 


S| BVGgss  Gate-Source Breakdown Voltage Ig =-1 HA, Vps = 0 


7. VGS(off) _Gate-Source Cutoff Voltage Ee Pees V Vps=20V,Ip=1nA 


T| Ves Gate-Source Voltage 


Gate Operating Current 
9 125°C 


Saturation Drain Current (Note 1) 
f= 1kHz 


Common-Source Forward Transconductance (Note 1) 
f = 100 MHz 


Vos = 20 V, VGs =0 f= 1kHz 


Common-Source Output Conductance VpG = 20 V, Ip = 200 uA 
1 | Ciss Common-Source Input Capacitance Hee Coe ae . 
2 


F 

Crs Common-Source Reverse Transfer Capacitance poses or 
= ; mae, : nv 
ec, Equivalent Short Circuit Input Noise Voltage Voz 


Characteristic aa eee Fay Feels Test Conditions 
lig1-lg2! Differential Gate Current Se eS eS en ee VpG = 20 V, Ip = 200 vA 125°C 


(Ipss1-l!DSs2) Saturation Drain Current @ 
SESE! Vps = 20 V, Ves =0 
Ipss1 Match (Note 1) - DS *YGS 
M ie Differential Gate-Source 
| GS1SY GS2 ha yoitags 20a | 425 mV 
10 | 2s | so 


E 100 
AlVgs1-Vesa! Gate-Source Voltage 


75 
fe} 
AT Differential Drift (Note 2) BVI 
25 75 VpG = 20 V, Ip = 200 uA 
(954 -9f52) 

s s Transconductance Match 3 5 % 


Vps = 20 V, Ves =0 


Ofs1 (Note 1) 


Differential Output 


NOTES: 
1. Pulse test required, pulsewidth = 300 us, duty cycle < 3%. 
2. Measured at end points, Ta and Tg. 
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matched dual Seite 
n-channel JFET 


designed for See tealealabe teh Curves NZF-D 


= Wideband Differential BENEFITS 


Amplifiers © High Gain through 100 MHz 
g¢5 = 5000 umho Minimum 


® Matching Characteristics Specified 


TO-78 
ABSOLUTE MAXIMUM RATINGS (25°C) See Section 6 


Gate-Drain or Gate-Source Voltage ............... -25 V D190 OD, 

Pe eperen tet ta iiam. bse Ala sec c aces oO S lo 50 mA 

Device Dissipation (Each Side), T a = 85°C Gy Gp 
WDerateaGoimWis C) sis i. ee sce ee 250 mW HOO 

Total Device Dissipation, Ta = 85°C 


hechatemey mW C) 0! si, ee ee eee 500 mW 
Storage Temperature Range............. -65 to + 200°C 
Lead Temperature 


Sg |} °2 G2 
(1/16 from case for-10 seconds) ............... 300°C Bottom View Qaeteba ive) 


$4 Cc 


ELECTRICAL CHARACTERISTICS (25° unless otherwise noted) 


Characteristic Test Conditions 

1 

S | lGss Gate Reverse Current a VGs=-15V, Vps=0 . 
2] 7 Pe a 150°C 
3 A|BVGss___GateSource Breakdown Voltage BVGss Gate-Source Breakdown Voltage Ig =-1HA, Vps =0 
411] VGSloff Gate-Source Cutoff Voltage Vps =10V,Ip=1nA 

e (off) DS D 
5 Ipss Saturation Drain Current (Note 1) att Vps = 10V, VGs =0 
6 Common-Source Forward Transconductance | 5000 | 10,000 Vps=10V,Ip=5mA | f=1kHz 
7 D Ofs Common-Source Forward Transconductance 5000 10,000 VpG=10V,Ip =5mA | f = 100 MHz 
81 Y] gos Common-Source Output Conductance pad | Say iboallaee Vps=10V,Ip=5mA | f=1kHz 

N 
9 A {90s Common-Source Output Conductance a ee f = 100 MHz 

10 th Ciss Common-Source Input Capacitance aE de] ire Bo 


VpG=10V,Ip=5mA | f=1MHz 


— 
—_ 


t Crs Common-Source Reverse Transfer Capacitance cunt ed ae a ee 


12 Equivalent Short Circuit Input Noise Voltage Stk tae 
ee 

13 Saturation Drain Current Ratio (Notes 1 and 2) Vps=10V,VGs=0 
Ipss2 

14 VGs1-VGs2 Differential Gate-Source Voltage Sl Sale es 


9fs1 
15 Fi ase Transconductance Ratio (Note 2) ee als nd VpG=10V,Ip=5mA 
N fs2 f=1kHz 
IJos1- -Gos2! Differential Output Conductance ae ee ee 


NOTES: 
1. Pulse test required, pulse width = 300 us, duty cycle < 30%. 
2. Assumes smaller value in numerator. 


f = 10 kHz 
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L£Scn 


xiuoodI 


U290 U291 


iconix 


n-channel JFETs meat 
designed for... Performance Curves NVA 


= Analog Switches BENEFITS 


C @ Ultra-Low Insertion Loss 
= Commutators ~ tDS(on) < 2.5 & (U290) 


@ High Off-lsolation 
ID(off) <1nA 


= Choppers 


ABSOLUTE MAXIMUM RATINGS (25°C) 


TO-52 
Reverse Gate-Drain or Gate-Source Voltage......... -30 V See Section 6 
Gate 'Gurrenty. ae ter ee eres oo os apes et ae 100 mA 
DrainvGurrentes ihe Pee es A 1.5A 
Total Device Dissipation at 25°C 
Free-Air Temperature (Note 1)............... 500 mW D 
Storage Temperature Range.............. -65 to +200°C 
Lead Temperature ae 


(1/16”’ from case for 10 seconds).............. 


ELECTRICAL CHARACTERISTICS (25°C unless otherwise noted) 


Test Conditions 


amie 
ee 
ake 


BVGss Gate-Source Breakdown Voltage cies bl aasamhead Ol bas tht oman Ig =-1 uA, Vps=0 
os esol” co Souree att Voltamr sd ae aeeeh COT [ee 
Al Rig ieie nee ives (ae ol renin i RP A 
T fe) = é So > 
i (meee a Pata pa facet a los 
Cc VDS(on) Drain-Source ON Voltage 2 VG6s =0, Ip =10mA 


Beers Pamcice israel eres 
Saturation Drain Current a £3 


Static Drain-Source ON ee so 
10 = Fds(on) Drain-Source ON Resistance es i ae eee V6s=90,|Ip=0 f= 1kHz 


f = 1 MHz 


Vps=15V,Ip=3nA 


NTO OI SR | Ww] — 


Vps = 0, VGs =90 


VppD = 1.5 V, ID(on) = 30 mA, Ry = 50Q, 


io rilsaes hear 
ee cee oo 
aaa pc | a 


16 |W] ta(oFf) Turn-OFF Delay Time i ASEM VGS(off) = -12 V (U290) 
17 te Fall Time PEPE | VGS(off) = - 7 V (U291) 


1. Derate linearly at the rate of 4.0 mW/°C. 
2. Pulse test required pulsewidth 300 us, duty cycle < 3%. 
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p-channel JFETs 


designed for... 


# Analog Switches 
=& Commutators 
= Choppers 


ABSOLUTE MAXIMUM RATINGS (25°C) 


Reverse Gate-Drain or Gate-Source Voltage (Note 1).. 30V 
meat 2 ORO eR 50 mA 
Total Device Dissipation, Free-Air 

Pmertee SMW) G)..5 65. c cea eee 350 mW 
Storage Temperature Range.............. -65 to +200°C 


Lead Temperature 
(1/16 from case for 60 seconds) 


Characteristic 


Gate-Source Breakdown Voltage 30 


Plwlrn] — 


Gate-Source Cutoff Voltage 


ID (off) Drain Cutoff Current 


Tds(on) Drain-Source ON Resistance 


Ciss Common-Source Input Capacitance 


Common-Source Reverse Transfer 


iG : 
Be Capacitance 


D 
Y 
N 
13 td(on) Turn-ON Delay Time 


WwW 
T td(off) Turn-OFF Delay Time 
H 


c tf Fall Time 


NOTES: 

1. Due to symmetrical geometry these units may be operated with 
source and drain leads interchanged. 

2. Pulse test pulsewidth = 300 us, duty cycle < 3%. 
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ELECTRICAL CHARACTERISTICS (25°C unless otherwise noted) 


a2 
Pete st ef if] [vose-t5v,i=-t0n 


[ips __Seturation Brain Curent Woe) | -30| -00 [1] 60 | 6 | 25 | mA | vos=-15V, Ves=0 


| Min | Max | Min | Max | Min | Max | 
a ee 

nf 8] J inn] 1490. 

Ss 

| 

A 

T 

C 


[rosion) Stic Drain-Source ON Resistance | | @5| [10] | 178] @ | Vos=0V.Ip=-1mA 

Pes [ [uo [5s [8 [ves-ovin=0 «dite 

Lo Ree 
pF 


i) 
i=) 
N 
| 
N 
o 


psf 


Siliconix 


Performance Curves PS 
See Section 4 


soen voen 


BENEFITS 
@ Low Insertion Loss 
'DS(on) < 85 &2 (U304) 
@ High Off-lsolation 
ID(off) < 500 pA 


90ENn 


TO-18 
See Section 6 


0 


Test Conditions 


Ig =1HA, Vps=0 


VG6s = 0, Ip = -15 mA (U304), 
Ip = -7 mA (U305), 
Ip = -3 mA (U306) 


Vps = -15 V, Vas = 12 V (U304), 
VGs = 7 V (U305), 


150°C 


= 1 MHz 


Vos = 0, V&s = 12 V (U304) 
VGs = 7 V (U305), 
VGs = 5 V (U306) 


| | 304 | 305 | U306 

-6V 

vesiom] Vv | 7v [sy 

Pa. [seo | vas | e008 

SSC A PD 0) 

[ioten) FMA TRA SRA | St 
PS 


KIuUoODI 


U308 U309 U310 


PLASTIC EQUIVALENT J308 SERIES 


iconix 


n-channel JFETs 


designed for... 


@ VHF Amplifiers 


@ Front End High Sensitivity 
Amplifiers 


= Oscillators 
= Mixers 


ABSOLUTE MAXIMUM RATINGS (25°C) 


Gate-Drain or Gate-Source Voltage ............... -25 V 
Gate, Gurren ty. cc: ce oe eure 8 oe ae ae 20 mA 
Total Power Dissipation at TA = 25°C .......... 500 mW 
Power Derating tori507C hats eo vec caer 4.0 mwW/°C 
Storage Temperature Range.............. -65 to + 200°C 


Lead Temperature 
(1/16 from case for 10 seconds) 


Characteristic 


IGss Gate Reverse Current 


Gate-Source Forward 


: VGsif) Voltage 


~N 


Common-Gate Output 


Mi 
= Jog Conductance 


9 ; Coq Drain-Gate Capacitance 


10 ee Gate-Source Capacitance 
Equivalent Short Circuit 
11 
Input Noise Voltage 


12 Common-Gate Forward 
5 i} Transconductance 


14 Common-Gate Output = 

15 Conductance 

16 Common-Gate Power 

17 Gain (Note 2) a 

r Ea 
Noise Figure 

r ee Lz 


NOTES: 
1. Pulse test duration = 2 ms. 
2. Gain (Gog) measured at optimum input noise match. 


wo |v 
alo 
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Common-Gate Forward 
Sfg Transconductance (Note 1) pereeEaee: 
¥ Be 


Day 


Siliconix 


Performance Curves NZA 
See Section 4 


BENEFITS 


@ Industry Standard 
@ High Power Gain 
16 dB at 105 MHz, Common-Gate 
11 dB at 450 MHz, Common-Gate 
@ Low Noise 
2.7 dB Noise Figure at 450 MHz 
® Wide Dynamic Range 
Greater than 100 dB 
@ 75 22 Input Match Common Gate 


TO-52 
See Section 6 


Test Conditions 


mcee Ves =-15V, 


| na |VGs* 0 Ta = 125°C 


Ig=-1 uA, Vps =0 
eecoen Ip=1nA 


Ey Vps = 10 V, Vgg = 0 


Vps = 10 V 


Vps =10V, 


ip =o f = 100 Hz 


NZA 


f = 105 MHz 
f = 450 MHz 
f = 105 MHz 
f = 450 MHz 
f = 105 MHz 
f = 450 MHz 
f = 105 MHz 
f = 450 MHz 


n-channel JFET 5 


Siliconix 


designed for Eolas, % Performance Curves NZA 


See Section 4 


= VHF Amplifiers 7 BENEFITS 
® High Power Gain 
= Oscillators 16 dB Typ @ 105 MHz, Common- 
Gate 


; 11 dB Typ @ 450 MHz, Common- 
=@ Mixers Gate 
@ Low Noise Figure 
1.5 dB Typ @ 105 MHz 
2.7 dB Typ @ 450 MHz 
@ Wide Dynamic Range—Greater than 
100 dB 


ABSOLUTE MAXIMUM RATINGS (25°C) TO-72 
See Section 6 


Gate-Drain or Gate-Source Voltage ............... -25 V 
OU Od SEA oe i aa i 10 mA 
Total Device Dissipation (Derate 1.7 mW/°C) ..... 300 mW 
Storage Temperature Range.............. -65 to +200°C 
Lead Temperature 

(1/16”’ from case for 10 seconds) ............. 


ELECTRICAL CHARACTERISTICS (25°C unless otherwise noted) 


Characteristic | min | Max | Tye | Unit Test Conditions 
Keser DE Ea : 
: IGSs Gate Reverse Current Bee ee ae VG6s =-15V, Vps =0 ie0°G 


1 

2 

Se eae a eng CC 
a]? | vosien Garsao orevarm | a] a] | (ag tovs tet 
5 
6 


C! Ipss Saturation Drain Current (Note 1) | 20] 60} | sma | Vps = 10 V, Vgs =0 
VGS(f) | Gate-Source Forward Voltage Foc aa Lt 0 by Sg] Ig = 1mA, Vps = 0 
7 9g Common-Gate Forward Transconductance (Note 1) 10,000] | 17,000] 
umho | Vps = 10 V, Ip = 10 mA f= 1kHz 
8 . Gog Common-Gate Output Conductance fare eae 
F 


9|N Cgq Gate-Drain Capacitance ee ee ee 
; p VpG=10V,Ip=5mA f = 1 MHz 
10 Cgs Gate-Source Capacitance i ml Wa sea 
NOTE: NZA 
1. Pulse test duration = 2 ms. 
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LLEN 


xIuUuoJD! 


U401 U402 U403 U404 U405 U406 


iconix 


monolithic dual 
n-channel JFETs 


designed for... 


@ Low Noise FET Input 


Amplifiers 


Low and Medium Frequency 
Amplifiers 


Impedance Converters 


Precision Instrumentation 
Amplifiers 


5 
Siliconix 
Performance Curves NNR 
See Section 4 


BENEFITS 


@ Minimum System Error and Calibra- 
tion 
5 mV Offset Maximum (U401) 
95 dB Minimum CMRR (U401-04) 


@ Low Drift with Temperature 
10 nV/°C Maximum (U401, 02) 
@ Operates from Low Power Supply 
Voltages 
VGS(off) << 2:5, 
® Simplifies Amplifier Design 
Output Conductance < 2 umho 


@ Low Noise 
@y = 6 nVA/Hz at 10 Hz Typical 


= Comparators wade en: 
D D2 
ABSOLUTE MAXIMUM RATINGS (25°C) 
Gate-Drain or Gate-Source Voltage . . 5OV a S2 
Forward Gate Current . A die 10 mA bene 
Device Dissipation (each side) 
@ T, = 85°C derate 2.6 mW/°C . 300 mW S. 
Total Device Dissipation Gy b2 
@ T, = 85°C (derate 5 mW/°C) ass oe OOimW z ae Ge 
Storage Temperature Range —65 to 200°C J Ps 


ELECTRICAL CHARACTERISTICS (@ 25°C unless otherwise noted) Bottom View 


Characteristic 


1 BV Gate-Source Breakdown 
GSS Voltage 


eek 

code 
3 ime eee Current ae jas] | -25| 
J venom Seraerseeen [sa] 8] -s[ ae] [ae a] a 
‘fijreron orion |e] 2s] [2a] [9] 
sFFinss twat Tas roo 06] 00] 08] 00 | 06] 00 


S$} 


Test Conditions 
Vps =9, IG =-1HA 
Vos =0, Ves =-30V 


Vps =15V, Ip =1nA 


Vv 
in Vp = 15 V, Ip = 200 uA 


6 Pcie EE a LE ES Bs edie Vos = 15, 
Ig Gate Current (Note 1) = 
7 fa SBN Fal S| | =10 | soma f ant Ta= 128°C 
8] | BVG1-G2 Mis Tee on +50 +50 +50 +50 +60 £50 Vps= 0, Vgg=0, 1g =11HA 
Voltage 
9] | af, Fommon Source Forward} 5000 | 7000 | 2000 |7000 | 2000 | 7000 | 2000 | 7000 | 2000 |7000 | 2000 7000 
Transconductance (Note 2) 
= PSs - f=1kHz 
Ommon-Source Output 
1 
0} | gos Conductance | fat fmt fel fet fe] |= 
umho 
11 1D} gs, Corman Seikce Eorward 2000 2000 2000 2000 2000 2000 
Transconductance 
f=1kHz 
Common-Source Output 
i 4 i 7 2 
Ko So Conductance eee on beef eeaey ibe ai | Pee || a 
Common-Source Input 
13 Ce ‘ 
Capacitance 
pF f= 1 MHz 
14 Cres Common-Soutce Reverse 30 3.0 3.0 3.0 3.0 3.0 
Transfer Capacitance 
_ Equivalent Short-Circuit 
15 0 20 20 20 
oy Input Noise Voltage OL = [ee ee Pi [ins] a] au iS 10 Hz 
iM Common-Mode Rejection 
9) Vv =1 2 h = 
Aetna) MRR Ratio (Note 3) : 0G * 10 20 oe ae 
Hi 
Cc Differential Gate-Source = = 
17 H Ves Vesa! Wotteae 10 20 mV VoG 10V, Ip = 200 uA 
! 
IN 
18 |g} AIVGsi - Vgsal  Gate-Source Voltage Differ- 10 uvPc Vp = 10V, Ta= “55°C, Tp = +25°C 
AT ential Drift (Note 4). Ip = 200 nA To= +128 C 
NOTES: 
Any Bone hi AVpp NNR 
1. Approximately doubles for every 10°C increase in TA. 2. Pulse test duration = 300 us; duty cycle < 3%. 3. CMRR = 20l0g19 GS1-Vosal| AVpp=10V. 


4. Measured at end points, Ta, Tg and ee 
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monolithic dual aaiZ«. 
n-channel JFETs 


designed for me Performance Curves NQP 


See Section 4 


FET Input Amplifiers. BENEFITS 
Low and Medium Frequency my ON Fart 


ege @ Minimum System Error and Calibration 
Amplifier Ss 10 mV Offset Maximum (U410) 


Impedance Converters 70 dB Minimum CMRR (U410) 
@ Low Drift with Temperature 


Precision Instrumentation 10 pV/°C Maximum (U410) 
Amplifiers @ Simplifies Amplifier Design 

Low Output Conductance 
Comparators 


TO-71 
See Section 6 


ABSOLUTE MAXIMUM RATINGS (25°C) 
Gate-To-Gate Voltage .......... 0... cc ee ee eee +40 V 


SLON LLON OLN 


Gate-Drain or Gate-Source Voltage ... 

Gate Current . 

Total Package Dissipation (25°C Free- Air) 

Power Derating 

Storage Temperature Range 

Lead Temperature (1/16” from case for 10 seconds) . .300°C 


Bottom View 
ELECTRICAL CHARACTERISTICS (25°C unless otherwise noted) 


U412 
Characteristic Test Conditions 


PG PSS ca a 


Gate Reverse Current ys maf 

Gate-Source Cutoff oc wi 
Mirae Voltage po | ss[to] [as] to] | 35 | CW RA ppliaes c, 

Gate-Source Breakdown i e 


Saturation Drain Current Vps = 20 V, Ves =0V 
(Note ee i 


Gate Current oS 1) 
VpG = 20 V, Ip = 200 uA 
Gate-Source Vcs_——=—=«Gate-Source Voltage 


Common-Source Forward mT Steere et feel — ell — fe 
aces oC ES See oe ee ee wi 
Common-Source Output 


Common-Source Input 


Capacitance yeas ma ee 2 Oe 
Common-Source Reverse 
Transfer Capacitance 


= Equivalent Short-Circuit - Vne = 20 V. In = 200 nA | f= 100 Hz 
en : DS ‘'D ay 
Input Noise Voltage 


Differential Gate-Source ft = 
A | VGsi-Vesz! Voltsee mv | Voc = 20 V, Ip = 200 uA 


c ANGs1-VGs2! Gate-Source - ore VDG = 20 V, Ip = 200 HA 
“AT. Differential Drift (Note 3) Ta= 25°C to Tp = 85°C 
B CMRR Common-Mode Rejection un Vop = 10 V to Vpp = 20 V 
Ratio (Note 4) Ip = 200 nA 


NOTES: 

1. Approximately doubles for every 10°C increase in TA. 
2. Pulse test duration = 300 usec; duty cycle < 3%. 4. CMRR = 20log19 er ,AVpp = 10 V. 
3. Measured at end points, Ta and Tg. AlVGs1-VGsa! 


AVpp 


KIuUooI 
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U421 U422 U423 U424 U425 U426 


iconix 


Ss 


monolithic dual sii ie 
n-channel JFETs = femane,ceves 


designed for... # tin ode 


Ig = 0.25 pA Maximum (U421-3) 


a Very High Input impedance ® High Gain es 120 Bie Minimum @ 
e e oge Ip =30uA U421-6 
Differential Amplifiers 30% Poltaesnebiyoneeaen 


VGS(off) = 2 V Maximum (U421-3) 
Electrometers @ Minimum System Error and Calibration 
10 mV Maximum Offset 
m Impedance Converters 90 dB Minimum CMRR (U421, U424) 
ABSOLUTE MAXIMUM RATINGS (25°C) x Vat | 
ee section 

Gate-to-Gate Voltages sai, ea eee AL) INY pidge: 
Gate-Drain or Gate-Source Voltage. . ..... #—-40V ARE ETD 
Gate, Currentgi 3) 5 ae eee, eT () nn A mic Q2 
Device Dissipation (Each Side), T, = 25°C sb le. Case Pree 

(Derate 3.2 mW/°C to 150°C). . . . . . . =400mw pint? pins 
Total Device Dissipation, Ta = 25°C 

(Derate 6.0 mW/°C to 150°C). . . . . vie > 750 mw 
Storage Temperature Range ..... . -65to+150°C 


S 
ELECTRICAL CHARACTERISTICS (25°C unless otherwise noted) Bottom View 


Characteristic | ua23 ee Test Conditions 


3 
3 | Ed 


| Min [Typ [Max Max 
1 BVcGss Gate-Source Breakdown Voltage }-40}-co| Ley " Ig =-1HA, Vps=0 
2 BVG1G2 Gate-Gate Breakdown Voltage sao] | faaod | | Ig =-1HA, Ip = 9, Ig =0 
3|s i Ee ee s : 
less Gate Reverse Current (Note 1) z V&s = -20 V, Vps = 0 
T pt of [30] na [r= +125°¢ 
4{Tly Gate Operating Current (Note 1) pA i Bzpre Vv =10V, Ip =30uA 
rs | | f2sof [F500] LEENA Bits rac 
C 
5 VGS(off) Gate-Source Cutoff Voltage -0.4|  |-20/-04] — |-30| + Vps=10V,Ip=1nA 
6 V6s Gate-Source Voltage pot | do [tisha heath 2 6 Voc = 10 V, Ip = 30uA 
7 Ipss Saturation Drain Current | 60} —frooo| eo] — feoo] ua | Vps = 10 V, Vgsg=0 
8 fs Common-Source Forward Transconductance 300 | __ {1800} 300 | sod a5 
U f=1kHz 
9 os Common-Source Output Conductance atte |i6.0 feet ltl eco. Vps = 10 V, Veg = 0 
D 5 
10] y | Cisg Common-Source Input Capacitance [3] a0] -f-- f-s0| 
f= 1 MHz 
11 : Crs Common-Source Reverse Transter Capacitance fae Pte tte 
12 ‘ fs Common-Source Forward Transconductance {120} | 350/120] [350] ra 
Lu f= 1 kHz 
13 Cc os Common-Source Output Conductance eh | ed 3.0,| aks | Sad 3.0 | 
VpGg=10V, Ip = 30uA 
14 a Equivalent Short Circuit Input | {20{ 70] | 20] 70] nVA/Hz Dis D ~ f=10Hz 
Noise Voltage (PE A f= 1 kHz 
15 NF Noise Figure fos |W] to] el Vol ae f= 10Hz Rg = 10MQ 


Characteristic iiss sf [eT ve Test Conditions 


161 14] [VGs1- Vesal Differential Gate-Source Voltage 


17 = IVGs1 - Vgsal Differential Gate-Source Voltage TAC VpG = 10 V, Ip = 30nA, 
c AT Change With Temperature (Note 2) ‘ Ta = -55°C, Tg = 25°C, Tc = 125°C 
H 
18 CMRR Common Mode Rejection Ratio 
(Note 3) 
NOTES: 


AV 
1. Approximately doubles for every 10°C increase in Ta. 3. CMRR = 20log19 lavaneeacn 4Vpp = 10V. NNT 


4\VGsi1—Vesal 
2. Measured at end points Ta, Tg and Te. 4. Case lead not connected 
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monolithic dual 
n-channel JFETs 


designed for . .. 


@ Very High Input Impedance 
Differential Amplifiers 


Electrometers 
= Impedance Converters 


ABSOLUTE MAXIMUM RATINGS (25°C) 


Gate-to-Gate Voltage 

Gate-Drain or Gate-Source Waleage : 

Gate Current . : 

Device Dissipation (Each Side), ips = 25°C 
(Derate 3.2 mW/°C to 150°C) . 

Total Device Dissipation, Tp = 25°C 
(Derate 6.0 mW/°C to 150°C) . 

Storage Temperature Range 


+40 V 
-40 V 
10 mA 


400 mW 


750 mW 
-65 to +150°C 


5 


Siliconix 


Performance Curves NNT 
See Section 4 


BENEFITS 


@ High Input Impedance 
Ig = 5 pA (U427) 

@ High Gain gf, = 120 umho Minimum @ 
Ip=30uA 

@ Low Power Supply Operation 
VGS(off) = 2 V Maximum (U427) 

@® Minimum System Error and Calibration 
25 mV Maximum Offset 


TO-71 
See Section 6 


G2 
PIN7 


so Case Pin 4 
PINS 


ELECTRICAL CHARACTERISTICS (25°C unless otherwise noted) 


Characteristic 


BYGSS Gate-Source Breakdown Voltage 


BVG1G2 Gate-Gate Breakdown Voltage 


: loss Gate Reverse Current (Note 1) 


. 
Gate Operating Current (Note 1) 


oo Gate-Source Cutoff Voltage 


Equivalent Short Circuit Input 
Noise Voltage 


Ves - VGszal Differential Gate-Source Voltage 


IVgs1 - Vgsal Differential Gate-Source Voltage 
AT Change With Temperature (Note 2) 


Common Mode Reiection Ratio 
(Note 3) 


CMRR 


NOTES. 
1. Approximately doubles for every 10°C increase in WAG 
2. Measured at end points Ta, TgandTc. 


3. CMRR = 20log19 


roa] [oben] [so] 

| ET 2 

a 
Common-Source Forward Transconductance }300 | | 800|300| — fis00 

Pega or scarier fer | Tear 

[cin connensouse outcome | | [30] | [29 
Common-Source Reverse Transfer Capacitance bij oe ano pa Pa PS 


A4\IVgs1-VGs2 


4. Case lead not connected. 
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Siege Pe 


Test Conditions 


Ig =-1HA, Vps=9 
a hires 


Ves = -20 V, Vps = 0 


Vps=10V,Ip=1nA 
VoG =10V, Ip = 30 uA 
Vps= 10 V, Ves =0 


Vps=10V, Veg =0 


f= 1 kHz 


VpG = 10V, Ip = 30HA 


f = 10 Hz 
f=1kHz 


Rg = 10M 2 
VpG= 10 V, Ip = 30uA 
VpG = 10 V, Ip = 30nuA, 
Ta = -55°C, Tg = 25°C, Tc = 125°C 


Ip = 30HA, Vpg = 10 to 20 V 


AVpp = 10 V. NNT 


Stmn Leon 


xIuoODI 


U430 U431 


iconix 


matched dual = 
n-channel JFETs 
designed for .. . Soe Sane ae 


= Balanced Mixers BENEFITS 


@ Low Noise Figure 


@ Low IMD 
30 dBm Intercept Point 


@ Differential Amplifiers 


ABSOLUTE MAXIMUM RATINGS (25°C) 


TO-99 
Gate-Drain or Gate-Source Voltage ............... -25 V See Section 6 


Gate CUrrents atria eee eine ener ur em 10 mA 
Total Continuous Power Dissipation at 

(or Below) 25°C Free Air Temperature 

Derate-AumW/°C to 150°G=) . etna ss. sae 8 500 mw 
Continuous Device Dissipation (Each Side) at 

(or Below) 25°C Free Air Temperature 


Derater2:4!mW/2C'to. 150°Gae fe. 300 mW 
Storage Temperature Range.............. -65 to +200°C 
Lead Temperature 
(1/16” from case for 10 seconds) ............. 300°C Botton’ Vier 


ELECTRICAL CHARACTERISTICS (25° unless otherwise noted) 


rte es ME en Ee 


Test Conditions 


Vgs = -15 V, Vps = OV 
os aa T= 150°C 


IG =-1HA, Vps=0V 
Vv Vps=10V,Ip=1nA 
Vps =0V,IG=10mA 
Vps = 10 V, V@s=0V 


Ke) 
> 


Ipss Saturation Drain Current (Note 4) 
Common-Source Forward 17 17 
Transconductance 

Common-Source Output 
Sor Gontuctancs bo) and anette, 
Gate-Source Capacitance 


| fs | Mae BBL 
Drain Gate Capacitance PLoS In 


> 


5 | 2 Is 3 
=P 3 > 
° ro) 


Vps=10V, Ip =10mA f=1kHz 


pF | Vgs=-10V, Vps=0V f= 1MHz 


Vps = 10 V, Ip = 10 mA f = 100 Hz 


Equivalent Short-Circuit Input 
Noise Voltage 


Common-Source Forward 


NO Le) 


Common-Source Output 


Vps=10V, Ip =10mA 


[fe] 
° 
a 


Conductance f = 100 MHz 


Power-Match Source Admittance 


! 
° ke 


o 3 
se) 2 pels 


Conversion Gain (See Note 1) 


Vps = 20 V, Veés = 1/2 V, 
IMD Intercept Point (See Notes 1 and 2) oe GS GStom 


Ipss1 Saturation Drain Current 
Ipss2 Ratio (Note 3) 


= 1S}o] wo] ~ 
St LOLO] & ES 
a}? a 


M 
A | VGS(off)1 Gate-Source Cutoff 
ie zi VGS(off)2 Voltage Ratio (Note 3) Be yos Oy e 
19 H Sfs1 Transconductance Ratio Ip =10 mA 
952 (Note 3) ~ 
NOTES: NZA 


1. VHF single-balanced mixer drain load impedance 2k 2. 
2. 2-tone 3rd-order IMD. 

3. Assumes smaller value in numerator. 

4. Pulse test pulsewidth = 300 us, duty cycle < 3%. 


2-86 


matched dual 
n-channel JFETs 


designed for... 
@ VHF/UHF Amplifiers 


ABSOLUTE MAXIMUM RATINGS (25°C) 


raremmowsatenVOMAGE). os ks oie ssc ese ce lectee +50 V 
.. -29V 


Gate-Drain or Gate-Source Voltage ............. 
Me Ss ac a pee RAs ceca ca 
Total Package Dissipation 

(25°C Free-Air Temperature) ............... 


PENI CT ORIG) yiti-ieooioss« HMRI. ye ne ce nos 2.8 mW/°C 
Storage Temperature Range .............. —65 to +150°C 


Lead Temperature 
(1/16” from case.for 10 seconds) ............ 


ELECTRICAL CHARACTERISTICS (25°C unless otherwise noted) 


Characteristic Unit Test Conditions 
| Min | Typ | Max | Min | Typ | Max | 
figss____ Gute evens curenniwoe) | | | 800] |__| -s00] oa | vos 0, vos=-18¥ 


Ipss Saturation Drain Current (Note 2) 


IG Gate Current (Note 1) 


Common-Source Forward 
Transconductance 


Common-Source Output 
Conductance 


Common-Source Input 
Capacitance 


Common-Source Reverse 
Transfer Capacitance 


IVGS1-VGS2| Differential Gate-Source Voltage 


ee) ~N oO 

4a>d2 aO~-sSs>2<O0 QA-AaApAgM 
fo) Ta) a) 
g |e |# 


NOTES: 
1. Approximately doubles for every 10°C increase in TA. 
2. Pulse test duration = 300 usec; duty cycle < 3%. 


2-87 


it 


15 


Siliconix 


Performance Curves NZF 
See Section 4 


BENEFITS 
® High Gain 
9¢5 = 4500 pmho Minimum 


®@ Dual Version of J300 with Matched 
Gate-to-Source Voltage 


prENn Cron LyPNn OvINn 


TO-71 TO-78 
See Section 6 See Section 6 
S2 


Bottom View Bottom View 


$1 S2 


S2 D2 G2 
G4 Dy 


TO-71 = U440, U441 TO-78 = U443, U444 


$4 


f = 1 kHz 


VpG=10V,Ip=5mA 


f= 1 MHz 


NZF 


KIUODI 


U1897 U1897-18 U1898 U1898-18 U1899 U1899-18 
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Ss 


n-channel JFETs wut... 
designed for if gas Performance Curves NC 


See Section 4 


# Analog Switches BENEFITS 
@ Low Insertion Loss 
m Choppers ~ rps(on) < 30 & (U1897) 
= Commutators @ No Error or Offset Voltage Generated 


by Closed Switch 
Purely Resistive 


Plastic 
ABSOLUTE MAXIMUM RATINGS (25°C) ait 
92 
Gate-Drain or Gate-Source Voltage............... —40V See Section 6 
Gate CULTERE: otis ora ileal eh aa eee, as ok OA 10mA 
Total Device Dissipation at 25°C Ambient 
(Derate’3:27*mW/"C). Avt eTe 360 mW 
Operating Temperature Range............. —55 to 135°C 
Storage Temperature Range............... —55 to 150°C 
Lead Temperature Range 5 vs : aA 
(1/16 from: case.for 10,seconds) ............«. 300°C 
G G G 
. =) =) 
Source & Drain f . : 
ELECTRICAL CHARACTERISTICS (25°C unless otherwise noted) '"““™""*"""* Bottom View Bottom View (-18) 
Characteristic a ee Test Conditions 


| Max | | Max _| 

aia | | ov [ig =-1HA, Ig =0 
| 200] | 200] | Vog = 20, 1g =0 
[200200] °* [se =20v.15 0 


Vps = 20 V, Vgsg = -12 V (U1897) 
Vgs =-8 V (U1898) - 
Vgs =-6 V (U1899)_ | TA= 85°C 


i VGSioff)  Gate-Source Cutoff Voltage |-5.0| -10|-2.0] -7.0|-1.0] 5.0] v | Vps = 20V,Ip=1nA 


Saturation Drain Current i iS 


Vg = 0, Ip = 6.6 mA (U1897) 
11 V DS(on) Drain-Source ON Voltage 0.2 0.2 0.2} V Ip = 4.0 mA (U1898), 
Ip = 2.5 mA (U1899) 
Static Drain-Source ON -. Sy 


13 CpG Drain-Gate Capacitance fa TW Ri a OE ea VD Gat 2 OY ial Gee 
CsG i 
D 
Y 
N 
A 
I 
Cc 


BVDGO Drain-Gate Breakdown Voltage 


1 
2 20] 
3] [BvsGo Source Gate Breakdown Voraee | 40 
4] [iss _GuteRevere Gurent—|__ 
5] [Ingo rein Gere Laokase Curent | _ 
bas 
7 ie 
8 

9 


s|'sco Source-Gate Leakage Current 


ID(off) Drain Cutoff Current 


(ras A eo 


C; Common-Source Input 
de Capacitance 


Common-Source Reverse 


f=1MHz 


Vps =20V,VGsg=0 


Cc : 
JE Transfer Capacitance 


rae 
fe 
ae 


Prof | 20f [ao] vise? Ui89s—_Ui998 


VoD 

VGS(on) 0 0 0 
VGS(off) -12V -8 V -6 V 
Ri 4302 7002 11002 
ID(on) 6.6 mA 4mA 2.5mA 
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Turn-OFF Time 


NOTE: 
1. Pulse test pulsewidth = 300 us; duty cycle < 3%. 
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voltage-controlled 
resistor FETs 
designed for... 

& Small Signal Attenuators 

@ Filters 


= Amplifier Gain Control 
# Oscillator Amplitude Control 


ABSOLUTE MAXIMUM RATING (25°C) 


Gate-Drain or Gate-Source Voltage................. 15 V 
ori) CONS hg Be ORES * in tee rr ee a 10mA 
Total Device Dissipation at Ta = 25°C 

(Derate at 2.0 mW/°C to 175°C). ............. 300 mW 


Storage Temperature Range .............. 


ELECTRICAL CHARACTERISTICS (25°C unless otherwise noted) 
N-Channel VCR FETs 


Characteristic 


IGss Gate Reverse Current 


BVGssS Gate-Source Breakdown Voltage 


fied] 
VGS(off)  Gate-Source Cutoff Voltage -3.5 -3. 
rds(on) Drain Source ON Resistance | 60 | 


3 
o; ul 


VCR3P VCR5P 
[ 20 


s |!Gss Gate Reverse Current 
: BVGss Gate-Source Breakdown Voltage 
+ 


VGS(off) Gate-Source Cutoff Voltage 


peas 
Roe 
C | rds(on) Drain-Source ON Resistance 
Baiedl 
ares 


p | Cdgo Drain-Gate Capacitance 
Y Csgo Source-Gate Capacitance 
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TO- 
See Section 6 


| Max | 

[-0.1[ nal Ves= 
Bay 
ee | 


| 600 
5 [S20 Drsn-Gate Capacitance | __f7st | af | tsi 
Y Csgo Source-Gate Capacitance Ey ed Bee Ee koe 
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Siliconix 


Performance Curves NC NP 
NT PC PE See Section 4 


TO-72 
See Section 6 
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Test Conditions 


VGs=-15V, Vps =0 
Ip=1uA, Vps = 10 V 


= VGD2-10V,,i¢.=0 
p 
VG6s=-10V,Ip=0 


by La a 
pF im 


VG6s=10V, Ip=0 


; 
: 
z 
: 
bead 
UV 
: 
: 
. 
ong 
Ui 
VU 
: 
3 


xIUODI 


VCR2N VCR3P VCR4N VCR5P VCR7N 
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APPLICATIONS 


N-CHANNEL FET 


N-Channel JFET Output Characteristic 
Enlarged Around Vps = 0 
Figure 1 


ce 
& 
v 
4 
toad 


FOUR FIXED RESISTORS 
V-I Characteristic of Four Fixed Resistors 
Figure 2 
The VCR FET has an a-c drain-source resistance, evaluated 
around Vpg = 0, that is controlled by d-c bias voltage VGs 
applied to the high-impedance gate terminal. Minimum rqs 
occurs when VGs = 0 and, as VGs approaches the pinch-off 
voltage, rds rapidly increases. Comparing Fig. 1 and 2, for 
Vps < +0.1 volt and VGs = constant, the VCR FET has a 
bilateral characteristic with no offset voltage, just like a 
fixed resistor. However, when Vps > +0.1 volts, the VCR 
FET characteristic has noticeable curvature. 


This series of junction FETs is intended for applications 
where the drain-source voltage is a low-level a—c signal with 
no d-c component. Thus the FET operating point will 
swing symmetrically around Vps = O. In the first quadrant, 
signal distortion depends on what extent the FET output 
characteristic deviates from a straight line or linear relation. 
Besides the linearity problem in the third quadrant, when 
VGs is near zero and vqs > 0.5 volt rms, the gate-channel 
junction will become forward biased and cause additional 
curvature in the characteristic. Also, whenever the gate be- 
comes forward biased due to any combination of VGs and 
Vds, it ceases to be a high-impedance control terminal for 
the VCR. 


Fig. 3 presents a normalized plot of rDS versus normalized 
VGS where VGS(off) is defined as that value of VGs at 
Ip/IDss = 0.001. The dynamic range of rps is shown as 
greater than 100:1. For best control ot rps the normalized 
VGs should lie between 0 and 0.8 VGS(off) because as 


VGS approaches VGS(off), "DS increases very rapidly so 
that rqs control becomes very critical and unit-to-unit 
matching is almost impossible. In Fig. 4, rqs(on) (drain- 
source resistance at Vps = VGs = 0) varies as an inverse 
function of VggioFf). In Fig. 5 rds has a typical 0.7%/°C 
temperature coefficient for P-channels which decreases as 
VGS approaches the zero t.c. point. N-channel devices 
have a typical 0.3%/°C t.c. Specific bias voltage to set 
operation at the zero t.c. point varies, as does VGS(off), 
from device to device.” 


ee eed 
0.1V 


Vos <9. 


'ps/'DS(on) 


LTT] 


oe 
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== 
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Ves/VGsioff) 
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: ON ie ee 
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VGs(off) — GATE-SOURCE CUTOFF VOLTAGE (V) 


102 103 
'ds(ON) ~ ORAIN-SOURCE ON RESISTANCE (ohms) 


tds — DRAIN-SOURCE RESISTANCE (OHMS) 


Vos — GATE-SOURCE VOLTAGE (VOLTS) 


Fig. 5 


For further information on using FETs as voltage-variable 
resistors, consult Siliconix Application Note AN73-1. 


* L. Evans; “Biasing FETs for Zero DC Drift”; Electro Technology, August 1964. 
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voltage-controlled pl ed 
resistor FETs 
designed for... 


& Small Signal Attenuators 

m@ Filters 

= Amplifier Gain Control 

= Oscillator Amplitude Control 


NLLYOA 


TO-71 
See Section 6 


ABSOLUTE MAXIMUM RATING (25°C) 


Gate-Drain or Gate-Source Voltage................. 25 V 
Na ee ee ee alt ase 10 mA peta ida 
Total Device Dissipation at TA = 25°C 

Sierate at 2.0 mW/"Cto. 175°C)... ee ee 300 mW 
Storage Temperature Range .............. 


$2 [{jO2 G2 


ELECTRICAL CHARACTERISTICS (25°C unless otherwise noted) 


VCR11N 


Ec SN lt 
. IGss Gate Reverse Current ene =O:2 VGs = -15 V, Vps = 0 
BVGSS Gate-Source Breakdown Voltage -25 4 IG =-1uA, Vps =0 


Gate-Source Cutoff Voltage 


Characteristic 


Drain-Gate Capacitance 


Csgo Source-Gate Capacitance eG VGs =-10V, Ip =0 i 
er Ves1 = Ves2 rst = 20 


*Contact factory for geometry information. 


Note 


1 VGsi1 + Control Voltage necessary to force rps, to 200 or 2K. 


xiIuoodi 


2-91 


ro 


“s 


Fe, 
we 


i. 13: 


) 


rt 
4 - 
nd 


us. 


> 


ie 


Raa 


Sem R IS 


5 


Rin 


NE 


INTER LOS 


1 
PS 
acest 


Ne 


Ray 


ey 


ce 


ne 


ase 


ee 


fi 


a 


ieee 


meet ral 


7 


BNE 


one 


Di 


3s 


ak 
Me 


sea 


= 


OFS 
Sorat 


BS 


e 
fs 
US 5 


"3, 
ie 


Se 


Boe 
eames 


ae 
ce 


Sree 


7% 


es 


ae 


Re 


Yar 


See: 


ee 


8) 


poh 


aA 


T 


CSS. 
DEP TIY, 


pearateae 
Ose 


Ys; 


tans 


ae % 


vee aS 
Reteus 


ue 


ON 


as 


Shenae 


ot 


oy 


st 


se 


See 


Rees 
EK 
ANOS 
Pees 
Ss 


De? 
nate 


See g 
x 


Pr enaaae SOREN 
Bue ae 


ae 


Beets 


Sere 


i 


Pein 
SENG, 
Ree Sey 
Bess BARTS 


ey 


Bets hrs Ti 


us Qe 


oY 
es 


ay: 


aes 


— 
- > 4 , 
4 “he . 
ee : 
b. ei ’ 
z= aw . 
> r 
3 - 
‘ = 
x z ‘ 
z \ 


a 


High Input 
Impedance 


how to choose the correct FET for your application 
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JFET geometry selector guide (cont'd) 


p-channel JFETs 
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tN 
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CONN Ne 
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10 100 1K 10K 
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eo Ip =—10 nA 


Vesictn . Vps = —10 A 


01 Ip =—Tu 


Vastott) — GATE-SOURCE CUTOFF VOLTAGE (VOLTS) 
Vsioff) — GATE-SOURCE CUTOFF VOLTAGE (VOLTS) 


Vgsiotf) — GATE-SOURCE CUTOFF VOLTAGE (VOLTS) 


ipss — SATURATION DRAIN CURRENT (mA) 'OS(on) — STATIC DRAIN-SOURCE 
ON RESISTANCE (OHMS) 
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2 BVgss @ lg = 1HA 
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fs ee aE 
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1 10 100 1K 


Goss — COMMON-SOURCE OUTPUT 
CONDUCTANCE {umhos) 


Cigs @ Vg = —10 V Crss @ Vp = -10 V 


Criss — COMMON-SOURCE REVERSE 


Cj,, — COMMON-SOURCE INPUT CAPACITANCE (pF) 
TRANSFER CAPACITANCE (pF) 
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see eas 
GRSBRERNS SY 283 


pt | CRS AR RE TW RR 
i = 
[I "48 [] aaa 
HA — PD Hy 
es 


Sfso @ vos = 10 v 
Ves =0 


Vgsioff) @ Vos = -10 V 
Ip =—1THA 


Sfso — COMMON-SOURCE FORWARD 
TRANSCONDUCTANCE (mmbhos) _ 
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LEGEND 
WH. EZZZZA 
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10kHz Co 
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(Section 4) 


RESISTANCE 
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Useful JFET Parameter Relationships (Approximate) 
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AMBIENT TEMPERATURE (°C)* 
Saturation Current 
vs Cutoff Voltage 


Drain Current and Transconductance 
vs Ambient Temperature 
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AMBIENT TEMPERATURE (°C) 
On Resistance 


On Resistance 
vs Ambient Temperature 
vs Transconductance 
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AMBIENT TEMPERATURE (°C) 
Typical 'DS(on) 
vs Normalized Gate Source 
Cutoff Voltage 
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vs Ambient Temperature 
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Relationships (Approximate) 


Useful JFET Parameter 


VGS(off) CUTOFF VOLTAGE 


APPROXIMATE “‘ON”’ RESISTANCE 


VGS(off) (NORMALIZED) 


Saturation Current 


vs ON Resistance 
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enhancement-type 


p-channel MOSFET 
designed for... 


8 Analog and Digital Switching BENEFITS: 


= General Purpose Amplifiers e High Gate Transient Voltage Break- 
= Smoke Detectors down Eliminates Need for Gate 
Protective Diode 


Ds 
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e Ultra-High Input Impedance 


ALL DIMENSIONS IN INCHES e Low Leakage 


(ALL DIMENSIONS IN MILLIMETERS) 
Normally OFF 


TYPE PACKAGE PRINCIPAL DEVICES 
Single TO-18 MFE823 

Single TO-72 3N163-64 

Single Chip 3N163-64CHP, MFE823CHP 


PERFORMANCE CURVES (25°C unless otherwise noted) 


Output Characteristics Transfer Characteristic 
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0 -10 -20 -30 -40 -50 0 -8 -12 -16 -20 
Vps — DRAIN-SOURCE VOLTAGE (VOLTS) VGs — GATE-SOURCE VOLTAGE (VOLTS) 


Common-Source, Short-Circuit, 
Low-Level Output Forward Transadmittance vs 
Characteristics Drain Current 


Vps — DRAIN-SOURCE VOLTAGE (VOLTS) '!D(on) — DRAIN ON CURRENT (mA) 
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PERFORMANCE CURVES (Cont'd) (25°C unless otherwise noted) 
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NC 


GATE |S BACKSIDE CONTACT 


n-channel JFETs 


Analog Switches 


}: = 
Siliconix 
BENEFITS: 
® No Offset or Error Voltages Generated 
by Closed Switch. Purely Resistive. 
High Isolation Resistance From 
Driver 
High Off-Isolation Ip(off) < 100 pA 
High Speed toy < 20 ns 


Commutators 
Choppers 
Integrator Reset Switch 


TYPE 
Single 


PACKAGE 
TO-18 


PRINCIPAL DEVICES 

2N3970-72, 2N4091-93, 2N4391-93 
2N4856-61, 2N4856A-61A, FN4392,93 
U200-01, VCR2N 

2N5638-40, 2N5653-54, J111-13 
PN4091,93 PN4391-93 U1897-99 
2N5564-66, DN5564-66 

All of above single devices 

2N5566 Chip Set, DN5566 Chip Set 


ALL DIMENSIONS IN INCHES 
(ALL DIMENSIONS IN MILLIMETERS) 


Single 


Dual 
Single 
Dual 


PERFORMANCE CURVES (25°C unless otherwise noted) 
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Conductance vs Gate- 
Source Cutoff Voltage 


Gate Operating Current 
vs Drain Gate Voltage 
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Ip — DRAIN CURRENT (mA) 


Transfer Characteristics 


Vgs — GATE-SOURCE VOLTAGE (VOLTS) 


Ip — DRAIN CURRENT (mA) 


Transfer Characteristics 


Ves — GATE-SOURCE VOLTAGE (VOLTS) 


4-4 


Ip — DRAIN CURRENT (mA) 


Transfer Characteristics 
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Transconductance Characteristics 
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2, Mea peeapy opal n-channel JFET 
current regulator diode 
designed for 


® Current Regulation BENEFITS: 
® Current Limiting @ Simple Two Lead Current Source 


.8 Biasing ® Simplifies Floating Current Sources 
No Power Supplies Required 
@ Low Cost 


PACKAGE PRINCIPAL DEVICES 
0,025 Single TO-92 J500-505, J506-511 


(0.635) 


ALL DIMENSIONS IN INCHES Single Chip J500CHP-505CHP, JSO6CHP-511CHP 


(ALL DIMENSIONS IN MILLIMETERS) 


PERFORMANCE CURVES (25°C unless otherwise noted) 


Dynamic Impedance vs 
Limiter Current Knee Impedance vs Limiter Current 
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NFA 


GATE IS BACKSIDE CONTACT 


S$ AND D ARE SYMMETRICAL n-channel JFET Bcf 
Siliconix 
= Low and Medium Frequency Single BENEFITS: 
and Differential Amplifiers e@ Wide Dynamic Range 
® High Input Impedance Amplifiers Ig Specified @ Vpg = 20 V 


0.018 
70.487) e Low Capacitance Cjcgg < 4 pF 


@ Low Output Conductance 


0.004 
(0.102) 


NOTE: 
See NOP curves for NFA-D replacement. 


|~——______— ones See See NP curves for NFA-single replacement. 


(0.457) . . “ye . . . 
Pi tatsabes lone ial etic For further information, contact the Siliconix Applications Department. 
{ALL DIMENSIONS IN MILLIMETERS) 


PERFORMANCE CURVES (25°C unless otherwise noted) 


Output Characteristic Output Characteristic Output Characteristic 
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PERFORMANCE CURVES (Cont'd) (25°C unless otherwise noted) 
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VAN 
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GATE ALSO BACKSIDE CONTACT 


0.003 
(0.076) 
0.015 
(0.381) 
ALL DIMENSIONS IN INCHES 
{ALL DIMENSIONS IN MILLIMETERS) 


n-channel JFET 
designed for 
VHF/UHF Amplifiers 


Oscillators 
Mixers 


Low Input Capacitance High Speed 
Switch 


TYPE 
Single 
Single 


PACKAGE 
TO-72 
TO-92 


5 


Siliconix 


BENEFITS: 
@ Low Noise 

NF = 3 dB Typical @ 400 MHz 
e@ Wideband 

High gfs/Cjgg Ratio 


PRINCIPAL DEVICES 


. 2N3966, 2N4416-16A 2N3819 
2N5484-6, 2N5555, 2N5668-70, MPF 102, MPF 108, 


MPF112, PN4416, J304-5, 


Single Chip 


PERFORMANCE CURVES (25°C unless otherwise noted) 


On Resistance & Output 
Conductance vs Gate- 
Source Cutoff Voltage 
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Transfer Characteristics 
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All of the above devices 


Common Source Reverse Feedback 
Capacitance vs Gate Source Voltage 
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PERFORMANCE CURVES (Cont'd) (25°C unless otherwise noted) 


Common-Source Input Admittance Common-Source Forward 
vs Frequency Transfer Admittance vs Frequency 
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GATE ALSO BACKSIDE CONTACT 


n-channel JFET 
designed for... 


Low ON Resistance Analog Switches BENEFITS: Siliconix 
= Commutators @ Low Insertion Loss 
= Choppers ® Small Error in Measurement Systems 
= Integrator Reset Capacitors VbDS(on) < 50 mV (2N5432) 
_® Low Noise Audio Amplifiers ° High Off-Isolation Ip (off) < 200 pA 


e@ High Speed tg(on) < 4 ns 


Low Noise Audio-Freq Amplification 
ey < 2nV/\/Hz at 1 kHz 


| TYPE PACKAGE PRINCIPAL DEVICES 
(0,762) Single TO-52 2N5432-34 
Paigaieatens Wageamerans) Si ngle TO-92 J108-10 
Single Chip All of the above devices 


PERFORMANCE CURVES (25°C unless otherwise noted) 
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PERFORMANCE CURVES (Cont'd) (25°C unless otherwise noted) 
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CATHODE IS BACKSIDE CONTACT 


n-channel JFET gs 


current regulator diode = : 
designed for... hconix 


® Current Regulation BENEFITS: 

# Current Limiting e Simple Two Lead Current Source 

8 Biasing ® Current Insensitive to Temperature 
Low Voltage References Changes. Temperature Coefficient 


Better Than 0.15%/°C On All Devices 


® TO-18 Package for Improved Current 
Control 


ALL DIMENSIONS IN INCHES 
(ALL DIMENSIONS IN MILLIMETERS) 


@ Simplifies Floating Current Sources 
No Power Supplies Required 


TYPE PACKAGE PRINCIPAL DEVICES 
Single TO-18 (2-lead) CRO22 Thru CRO62 
CRRO240 Thru CRRO560 
Single TO-92 (2 lead) J552, J553, J9100 
Single Chip All of above 
PERFORMANCE CURVES (25°C unless otherwise noted) 
Dynamic Impedance vs Knee Impedance vs Limiting Voltage @ 0.8 IF vs 
Regulator Current Regulator Current Regulator Current 


Zk — KNEE IMPEDANCE (Mo) 


Zqg — DYNAMIC IMPEDANCE (M2) 


VL — LIMITING VOLTAGE (VOLTS) 


Ip — REGULATOR CURRENT (mA) l— — REGULATOR CURRENT (mA) Ip — REGULATOR CURRENT (mA) 


Temperature Coefficient Temperature Coefficient 
-55°C< Tj < 25°C vs 25C< Tj < 125°C vs Thermal Resistance vs 
Regulator Current Regulator Current Power Dissipation 
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|p — REGULATOR CURRENT (mA) Pp — POWER DISSIPATION (mW) 


Ip — REGULATOR CURRENT (mA) 


Capacitance vs Forward Voltage 


NOTE: If, Regulator Current is specified under pulse conditions. 
In operation, final current will be a function of junction tempera- 
ture. IF (steady state) = IF x [1 + 0) (Tj — 25°C)] where 6} is the 
temperature coefficient of IF and Tj is the junction temperature. 


Tj may be found by Tj = Tamb + 9j-aPD = Tease + 9j-cPD. Tj must 


not exceed 150°C. ee or ve is the derating factor for all devices. 
j-c j-a 


CT — CAPACITANCE (pF) 


VF — FORWARD VOLTAGE (VOLTS) 
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CATHODE IS BACKSIDE CONTACT 


0.0035 
(0.0890) 
031 


ALL DIMENSIONS IN INCHES 
(ALL DIMENSIONS IN MILLIMETERS) 


n-channel JFET B24 
current regulator diode Siliconix 
designed for... nies 
s Current Regulation BENEFITS: 

® Current Limiting e@ Simple Two Lead Current Source 

= Biasing e Current Insensitive to Temperature 


Changes. Temperature Coefficient 
Better Than 0.15%/°C On All Devices 


e TO-18 Package for Improved Current 
Control 


= Low Voltage References 


@ Simplifies Floating Current Sources 
No Power Supplies Required 


PERFORMANCE CURVES (25°C unless otherwise noted) 


6, — TEMPERATURE COEFFICIENT (%/°C) 
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CT — CAPACITANCE (pF) 


Dynamic Impedance vs 
Regulator Current 
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!p — REGULATOR CURRENT (mA) 


Capacitance vs Forward Voltage 


VF — FORWARD VOLTAGE (VOLTS) 


6, — TEMPERATURE COEFFICIENT (%/°C) 


TYPE PACKAGE PRINCIPAL DEVICES 
Single TO-18 (2-lead) CRO68 Thru CR150 
CRRO800 Thru CRR1250 
Single TO-92 (2 lead) J554 
Single Chip All of above 
Knee Impedance vs Limiting Voltage @ 0.8 IF vs 
Regulator Current Regulator Current 
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Temperature Coefficient 
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Regulator Current Power Dissipation 
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Ta = 25°C STILL AIR, CURRENT 
REGULATOR .251N. ABOVE 
CIRCUIT BOARD 

Tc — 25°C INFINITE HEAT SINK 
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6) -x — THERMAL RESISTANCE (°C/W) 


!— — REGULATOR CURRENT (mA) Pp — POWER DISSIPATION (mW) 


NOTE: If, Regulator Current is specified under pulse conditions. 
In operation, final current will be a function of junction tempera- 
ture. IF (steady state) = IF x [1 + 6) (Tj — 25°C)] where 0) is the 
temperature coefficient of If and Tj is the junction temperature. 


Tj may be found by r= Tamb ot: 6j-aPD = Tease a 0j-cPD. Tj must 


not exceed 150°C. ak, or ae is the derating factor for all devices. 
j-c j-a 


4-16 


CATHODE IS BACKSIDE CONTACT n-channel JFET Ss 
0.095 current regulator diode 


f (0.0890) a Siliconi 
ae designed for... Fozdebhee iA Lha 
(0.762) = Current Regulation BENEFITS: 
4 ® Current Limiting ® Simple Two Lead Current Source 
4 8 Biasing @ Current Insensitive to Temperature 

‘ = Low Voltage References Changes. Temperature Coefficient 


Better Than 0.15%/°C On All Devices 
@ TO-18 Package for Improved Current 


ALL DIMENSIONS IN INCHES 5 
(ALL DIMENSIONS IN MILLIMETERS) Control 


® Simplifies Floating Current Sources 
No Power Supplies Required 


TYPE PACKAGE PRINCIPAL DEVICES 
Single TO-18 (2-lead) CR160 Thru CR470 
CRR1950 Thru CRR4300 
Single TO-92 (2 lead) J555 Thru J557 
Single Chip All of above 
PERFORMANCE CURVES (25°C unless otherwise noted) 
Dynamic Impedance vs Knee Impedance vs Limiting Voltage @ 0.8 IF vs 
Regulator Current Regulator Current Regulator Current 


Zk — KNEE IMPEDANCE (MQ) 


Zq — DYNAMIC IMPEDANCE (MQ) 
V_ — LIMITING VOLTAGE (VOLTS) 


!— — REGULATOR CURRENT (mA) Ip — REGULATOR CURRENT (mA) Ip — REGULATOR CURRENT (mA) 


Temperature Coefficient Temperature Coefficient 
-55°C<Tj< 25°C vs 25°C < Tj < 125°C vs Thermal Resistance vs 
Regulator Current Regulator Current Power Dissipation 


+ T a: 
Ta = 25°C STILL AIR, CURRENT 
REGULATOR .251IN ABOVE am 
CIRCUIT BOARD 
Tc — 25°C INFINITE HEAT SINK 


6; — TEMPERATURE COEFFICIENT (%/°C) 
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!—p — REGULATOR CURRENT (mA) Ip — REGULATOR CURRENT (mA) Pp — POWER DISSIPATION (mW) 


Capacitance vs Forward Voltage 
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NOTE: If, Regulator Current is specified under pulse conditions. 
In operation, final current will be a function of junction tempera- 
ture. IF (steady state) = IF x [1 + 0) (Tj — 25°C)] where 6 is the 
temperature coefficient of IF and Tj is the junction temperature. 


Tj may be found by Tj = Tamb + 9j-aPD = Tcase + 9j-cPD. Tj must 
not exceed 150°C. idl or —\_ is the derating factor for all devices. 
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BACKSIDE JUNCTION ISOLATED 


"piped monolithic Ss 
dual n-channel JFET Hs : 
designed for... Siliconix 


FET Input Amplifiers BENEFITS: 
Low and Medium Frequency Amplifiers ® Minimum System Error and Calibra- 


Impedance Converters tion 
5 mV Offset Maximum (J401) 


95 dB Minimum CMRR 

Low Drift With Temperature 
10 wV/°C (J401) 

Simplifies Amplifier Design 
Output Conductance < 2 umho 


Precision Instrumentation Amplifiers 


Comparators 


Low Noise 
ALL DIMENSIONS IN INCHES = z 
(ALL DIMENSIONS IN MILLIMETERS) en = 6 nV/s/ Hz at 10 Hz Typical 


TYPE PACKAGE PRINCIPAL DEVICES 
Dual TO-71 2N3921-2, 2N4084-5, 2N5045-7, 
Dual Chip 2N5516-24 U401-6 2N4085CHP, 


d 2N5046CHP-47CHP, U403CHP-O6CHP 
On Resistance & Output 


Drain Current & Transconductance Conductance vs Gate- Gate Operating Current 
vs Gate Source Voltage Source Cutoff Voltage vs Drain Gate Voltage 
'DS(on): Ip = 100nA 


Ves = 0V 
Sos: Vps = 15V 
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Common Source Reverse Feedback Common-Source Input Capacitance 
Capacitance vs Gate Source Voltage vs Gate-Source Voltage Noise Voltage vs Frequency 
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Transfer Characteristics Transfer Characteristics Forward Transconductance 
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PERFORMANCE CURVES (Cont'd) (25°C unless otherwise noted) 


Output Characteristic Output Characteristic Output Characteristic 
(VGS(off) = —0.6V) (VGS(off) = —1.2V) (VGS(off) = —1.7V) 
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Output Characteristic Output Characteristic Output Characteristic 
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0.024 


~ dual n-channel JFETs ae 
designed for... Siliconix 


= Low Leakage FET Input Op Amps BENEFITS: 
# pH Meters e Ultra-High Input Impedance 


encasioeJuncrion soUAreD monolithic bff 


a Electrometers @ Good Voltage Gain 
@ Low Noise 


PACKAGE PRINCIPAL DEVICES 
Rau ome viene mince TO-71 U421-28, U422, 
Chip U423, U425, U426 


PERFORMANCE CURVES (25°C unless otherwise noted) 


Output Characteristic Output Characteristic Output Characteristic 
(VGS(off) = -0.5V) (VGS(off) = -1.5V) (VGS(oft) = -2.0V) 
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PERFORMANCE CURVES (Cont'd) (25°C unless otherwise noted) 
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Transconductance vs Gate Source Voltage Common-Source Output Conductance 
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CPMidd ARE WIAN TAAL: n-channel JFET 

designed for... Siliconix 

# Small Signal Amplifiers BENEFITS: vou 

= Choppers @ Low Noise NF < 1 dB at 1 kHz 

8 Voltage-Controlled Resistors @® Operation From Low Power Supply 
Voltages, VGs(off) < 1 V (2N4338) 
High Off-lsolation As a Switch 

ID(off) < 50 pA 
Uy e High Input Impedance 


Ville PACKAGE | PRINCIPAL DEVICES 
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on TO-71 2N5545-47, U231-5 
Spee miter ed sli teh Sone. TO-78 VCR11N 
TO-92 J201-204, PN4302-04 
Chip 2N5547 and all single Part No’s 


PERFORMANCE CURVES (25°C unless otherwise noted) 


Drain Current & Transconductance ON Resistance vs Gate Operating Current 
vs Gate-Source Cutoff Voltage Gate-Source Cutoff Voltage vs Drain-Gate Voltage 
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PERFORMANCE CURVES (Con't) (25°C unless otherwise noted) 
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3 PERFORMANCE CURVES (Con’t) (25°C unless otherwise noted) 
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BACKSIDE JUNCTION ISOLATED 
FROM ACTIVE CONTACTS 
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ALL SIMENSIONS IN INCH 
(ALL DIMENSIONS IN ae TERS) 


monolithic 
dual n-channel JFET 
designed for... 


= General Purpose Differential Amplifiers 


TYPE PACKAGE 
Dual TO-71 
Dual Chip 


PERFORMANCE CURVES (25°C unless otherwise noted) 


Drain Current & Transconductance 
vs Gate-Source Cutoff Voltage 
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Siliconix 


BENEFITS: 
® Low Cost 
@ High Input Impedance 


PRINCIPAL DEVICES 
2N3954-55, 2N3954A-55A, 
2N3956-58, 2N5045-47, 
2N5196-99, 2N5452-37 
U231-35, U410-12 
2N3955, 2N3956-58 
2N5047, 2N5199 

2N5454, U233-35 

U411, 12 


Gate Operating Current 
vs Drain Current 
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PERFORMANCE CURVES (Cont'd) (25°C unless otherwise noted) 


Output Characteristic 


NQP 


Output Characteristic 


Bld Banerearres 
\/ i 


nN 
oO 


N 


NSE 


S 
=) 
© 
ro) 


ret 
YP A&G AOR: a 
V, A= amen Vg = -0.7V 
a 222 eee 


KN 


Ip —DRAIN CURRENT (mA) 


2 
g 
oO 
1p —DRAIN CURRENT (mA) 


ID—DRAIN CURRENT (mA) 


Vps—DRAIN-SOURCE VOLTAGE (votTs) VDs—DRAIN-SOURCE \ VOLTAGE : (VOLTS) 


Output Characteristic Output Characteristic 


ecoreere 


Ip —DRAIN CURRENT (mA) 
ID—DRAIN CURRENT (mA) 
Ip —DRAIN CURRENT (mA) 


[— —— 
WT vento 


P< [sete | abel rel GSE OBVic=) 2) 
[oa Seo ae | el ae ee | 


sce ose= 


SES VGs=-1. ov] 
(2 SE on ee as ee 


Vps—DRAIN-SOURCE VOLTAGE (VOLTS) 


Vps—DRAIN-SOURCE VOLTAGE (VOLTS) 


Transfer Characteristics 
Medium V GS(off) 


Transfer Characteristics 


[ee y |. 
Pear ctge 
SLU ie eb lid 
Foie AOE 
MBE AG ii 


-1.6 -1.4 -1.2 -1.0 -0.8 -0.6 -0.4 -0.2 
Vas — GATE-SOURCE VOLTAGE (VOLTS) 


(v4) INFYYHND Nivya — 9) 
(vw) IN3HYND NivYya — Fy 


ty) 
=4,0§=3,5)£3/0))=2!5°42/0)=1.521.00"-05 0 
Vgs — GATE-SOURCE VOLTAGE (VOLTS) 


Output Characteristic 
(VGS(off) = -2.3V) 


Y) 0.2 0.4 0.6 0.8 1.0 
VpDs—DRAIN-SOURCE VOLTAGE (VOLTS) 


Output Characteristic 
(VGS(off) = -2.3V) 


bg [aime vog=-02 + 
4a= ee ee 
ansec 
aa ry — 
_enaae 


A a ee 

(eet 
AT Trese-tavt 
| Sem 1.4V iis 


Prt peel Ts 


4 8 12 16 20 
Vps—DRAIN-SOURCE VOLTAGE (VOLTS) 


Transfer Characteristics 
High V Gs (off) 


eet TTT 
mm Bs 
i BY) T=+25°C 

Saso 
CZ 
SIN 
Bir 


Vas — GATE-SOURCE VOLTAGE (VOLTS) 


Transconductance Characteristics 


Transconductance Characteristics 
Medium V GS(off) 


Transconductance Characteristics 


sf esol tae ven ir olay 
voll ‘a SaaS | 
X T= 425°C 

» 


N 
f=) 
So 
oO 


s 
= 


-0.2 -0.4 -06 -0.8 -10 12 14 1.6 
Vas — GATE-SOURCE VOLTAGE (VOLTS) 


o 


-0.5 -1.0 -1.5 -2.0 -2.5 -3.0 -3.5 -4.0 
Ves —.GATE-SOURCE VOLTAGE (VOLTS) 


g¢, - FORWARD TRANSCONDUCTANCE (umhos) 
g¢, - FORWARD TRANSCONDUCTANCE (ymhos) 


lconix 


High V Gs (off) 


T=+125°C Base “SNe 
BeBe. 


—1.0 —2.0 -3.0 
Vgs — GATE-SOURCE VOLTAGE (VOLTS) 


(vw) LNa3YYND NivYa — Gy 


gf; - FORWARD TRANSCONDUCTANCE (umho) 


GATE ALSO BACKSIDE CONTACT 


S AND D ARE SYMMETRICAL n-channel JFET 
designed for... bz f 


TaN 


Siliconix 
# Small Signal Amplifiers BENEFITS: 
e@ VHF Amplifiers ® Wide Input Dynamic Range 
® Oscillators High IG Breakpoint Voltage 
a Mixers ® High Gain 
s Switches = Low Insertion Loss Switches 
TYPE PACKAGE PRINCIPAL DEVICES 
Single TO-72 2N3821-4, 2N3921-22, 2N4220-2 
| 0.018 | 2N4220A-2A, 2N4223-24, 2N5556-58 
10:87} Single TO-92 2N3819, 2N5457-9 
ALL DIMENSIONS IN INCHES 
(ALL DIMENSIONS IN MILLIMETERS) MPF109, MPF111 
Dual TO-71 2N3921-2, 2N4084,5 
Single Chip All except 2N3921, 
2N4084, 2N3819 
PERFORMANCE CURVES (25°C unless otherwise noted) 
Output Characteristic Output Characteristic Drain Current & Transconductance vs 
(VGS(off) = —0.8V) (VGS(off) = —2.0V) Gate-Source Cutoff Voltage 
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GATE IS BACKSIDE CONTACT 
S AND D ARE SYMMETRICAL 


0.026 (0.102) 


(0.635) 


ALL DIMENSIONS IN INCHES 
(ALL DIMENSIONS IN MILLIMETERS) 


n-channel JFET 
designed for... 


# Low Noise Amplifiers 
® Single and Differential Amplifiers 


TYPE PACKAGE 
Dual TO-71 
Single TO-72 
Single TO-92 
Dual Chip 
Single Chip 


PERFORMANCE CURVES (25°C unless otherwise noted) 


Drain Current & Transconductance 
vs Gate-Source Cutoff Voltage 
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Siliconix 


BENEFITS: 

@ Simplifies Amplifier Design 
® Low Output Conductance 
@ Low 1/f Noise 


PRINCIPAL DEVICES 


2N5515-24 

2N4867-9, 2N4867A-69A 

J230-32 

2N5518CHP-9CHP, 2N5523CHP-4CHP 
All of the above single devices 


Gate Operating Current 
vs Drain-Gate Voltage 
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PERFORMANCE CURVES (Cont'd) (25°C unless otherwise noted) 


Output Characteristic 
(VGS(off) = -4.0V) 


Output Characteristic 
(VGS(off) = —2.0V) 


Output Characteristic 
(VGS(off) = -1.0V) 
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GATE ALSO BACKSIDE CONTACT 
S AND D ARE SYMMETRICAL 


ALL DIMENSIONS IN INCHES 
(ALL DIMENSIONS IN MILLIMETERS) 


n-channel JFET 
designed for... 


# Ultra-High Input Impedance Amplifiers 
Electrometers 
pH Meters 


Smoke Detectors 


TYPE 
Single 


PACKAGE 
TO-72 
Single TO-92 


Dual 
Single 


TO-78 
Chip 


Dual Chip 


PERFORMANCE CURVES (25°C unless otherwise noted) 


Drain Current and Transconductance 


vs Gate-Source Cutoff Voltage 
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Siliconix 


BENEFITS: 


@ Low Power 


Ipss < 90 vA (2N4117) 


@ High Input Impedance 

Ig < 1 pA (2N5906-09) 
PRINCIPAL DEVICES 
2N4117-9, 2N4117A-9A, 
FN4117-18, FN4117A-18A, VCR7N 
PN4117 Thru PN4120 
PN4117A Thru 4120A 
2N5902-9 
2N4117CHP-9CHP, 2N4117ACHP-9ACHP, 
VCR7NCHP 
PN4117 Thru PN4120 
PN4117A Thru 4120A 


Gate Operating Current 
vs Drain-Gate Voltage 
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Leakage Currents vs Ambient 
Temperature 
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Output Characteristic 
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ALL DIMENSIONS IN INCHES 
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n-channel JFET 
designed for... 


& Analog Switches 
= Commutators 
= Choppers 


“TYPE PACKAGE 
Single TO-52 
Single TO-92 
Single Chip 
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Siliconix 


BENEFITS: 
@ Very Low Insertion Loss 
DS(on) < 2-5 Ohms (U290) 


® High Off-lsolation 


PRINCIPAL DEVICES 

U290-1 

J105-7 

U290CHP-1 CHP, J105CHP-7CHP 


Drain-Source Resistance vs Normalized 
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GATE ALSO BACKSIDE CONTACT 


n-channel JFET 
designed re BENEFITS 5 


© Low Noise Siliconix 


. (zz af VHF/UHF Amplifiers 3 dB Noise Figure at 450 MHz 
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Oscillators Greater Than 100 dB 


Mixers @ 75 Ohm Input Match Common Gate 
BENEFITS Drain Current & Transconductance 
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TYPE PACKAGE PRINCIPAL DEVICES 
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GATE ALSO BACKSIDE CONTACT 7 
n-channel JFET 


designed for... a ‘yes 
Siliconix 
= High Frequency Amplifiers BENEFITS: 
= Mixers @ High Power Gain 


® Oscillators e Low Input Capacitance 


PACKAGE PRINCIPAL DEVICES 


TO-52 U312 
TO-92 J300, J210-12 
078 TO-78 2N5911-12, U257 
eae TO-71 U440-41 U443-U444 
ALL DIMENSIONS IN INCHES 
(ALL DIMENSIONS IN MILLIMETERS) Chip U312CHP 
Chip 2N5912CHP, U257CHP 
U441CHP, U444CHP, J300, J210-12 


PERFORMANCE CURVES (25°C unless otherwise noted) 
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PERFORMANCE CURVES (Cont’d) (25°C unless otherwise noted) 


Output Characteristic Output Characteristic Output Characteristic 
(VGS(off) = —0.8V) (VGS (off) = -0.8V) (V gs(oFf) = —5.0V) 
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PERFORMANCE CURVES (Cont'd) (25°C unless otherwise noted) 
Forward Transfer Admittance 
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GATE ALSO BACKSIDE CONTACT 


S AND D ARE SYMMETRICAL p-channel JFET 
designed for... 45 


= General Purpose Amplifiers and 
Attenuators 


Siliconix 


TYPE PACKAGE PRINCIPAL DEVICES 


Single TO-18 2N2608, 2N2608JAN, 2N2843 

Single 10-72 2N3329-32, 2N3909, VCR5P 

Single Chip 2N2608CHP, 2N2843CHP, 
2N3329CHP-32CHP, 2N3909CHP 
VCR5PCHP 
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ALL DIMENSIONS IN INCHES 
(ALL DIMENSIONS IN MILLIMETERS) 


PERFORMANCE CURVES (25°C unless otherwise noted) 


Gate Reverse Current vs Drain Current & Transconductance 
Output Characteristic Ambient Temperature vs Gate-Source Cutoff Voltage 
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GATE IS BACKSIDE CONTACT 
S AND D ARE SYMMETRICAL 


ALL DIMENSIONS IN INCHES 
(ALL DIMENSIONS IN MILLIMETERS) 


hannel SET: 
iced for . 


= General Purpose Amplifiers 


TYPE PACKAGE 
Single TO-18 
Single Chip 


PERFORMANCE CURVES (25°C unless otherwise noted) 
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Output Characteristic 
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Transfer Characteristic 


o 
Ed] 


Noise Figure vs Generator Resistance 


NF —NOISE FIGURE (dB) 


10 


a 12 1.4 


Ves — eee VOLTAGE (VOLTS) 


f= 1kHz 
banat 
Gs=0 


alin wae ee 
100K 10M 


Rogen — antago RESISTANCE acca 


CAPACITANCE (pF) 


NF — NOISE FIGURE (dB) 


Gate Reverse Current vs 
Ambient Temperature 


0-3 
-50 -25 0 25 50 75 100 125 150 


T — AMBIENT TEMPERATURE (°C) 


Common-Source Capacitance 
vs Gate-Source Voltage 


Ves — GATE-SOURCE VOLTAGE (VOLTS) 

Noise Figure vs Frequency 
Ves =0 

Neate ELI 

NT 

NOT | 

NSN | 

Dian < 


0.1 1 
f — FREQUENCY (kHz) 


4-40 


5 


Siliconix 


PRINCIPAL DEVICES 


2N2609, 2N2609JAN, 2N2844 
2N2609CHP, 2N2844CHP 


Drain Current & Transconductance 
vs Gate-Source Cutoff Voltage 
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Equivalent Input Noise Voltage 
vs Frequency 
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Berens p-channel JFET Ss 
S AND D ARE SYMMETRICAL designed for... ae : 
Siliconix 
= General Purpose Amplifiers BENEFITS: 
= Switches e® Wide Range of Transconductance 


TYPE PACKAGE PRINCIPAL DEVICES 


Single TO-72 2N3382, 2N3384, 2N3386, VCR3P 
Single Chip 2N3382CHP-86CHP, VCR3PCHP 


ALL DIMENSIONS IN INCHES 
(ALL DIMENSIONS IN MILLIMETERS) 


PERFORMANCE CURVES (25°C unless otherwise noted) 


Common-Source Capacitances 
vs Gate-Source Voltage 


Output Characteristic 
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ALL DIMENSIONS IN INCHES 
(ALL DIMENSIONS IN MILLIMETERS) 


p-channel JFET 
designed for... 


s Analog Switches 
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= Integrator Reset Switch 
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BENEFITS: 

e Low Insertion Loss in Switching Systems 
Ron < 75 © (2N5114) 

e Short Sample and Hold Aperture Time 
Crss < 7 PF 

e High Off-lsolation I p(of¢) < 500 pA 


PRINCIPAL DEVICES 

2N5018-19, 2N5114-16, U304-6 

J174-7, J270-1, P1086-87 
2N5018CHP-19CHP, 2N5114CHP-16CHP 
U304CHP-6CHP, P1086CHP-87CHP 
J270CHP-271CHP 
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INTRODUCTION 


The basic principle of the field-effect transistor (FET) has 
been known since J.E. Lilenfeld’s patent of 1925. The theo- 
retical description of a FET made by Schockley in 1952 
paved the way for development of a classic electronic device 
which provides the designer with the means by which he can 
accomplish nearly every circuit function. The field-effect 
transistor earlier was known as a “unipolar” transistor, and 
the term refers to the fact that current is transported by 
carriers of one polarity (majority), whereas in the conven- 
tional bipolar transistor carriers of both polarities (majority 
and minority) are involved. 


This Application Note provides an insight into the nature of 
the FET, and touches briefly on its basic characteristics, 
terminology and parameters, and typical applications. 


The following list of FET applications indicates the versa- 
tility of the FET family: 


Amplifiers Switches Current Limiters 
Small Signal Chopper-type Voltage-Controlled 
Low Distortion Analog Gate Resistors 

High Gain Commutator Mixers 

Low Noise Oscillators 
Selective 

D.C. 


High-Frequency 


This very wide range of FET applications by no means implies 
that the device will replace the more widely-known bipolar 
transistor in every case. The simple fact is that FET charac- 
teristics — which are very different from those of bipolar 
devices — can often make possible the design of technically 
superior (and sometimes cheaper) circuits. This comment 
applies not only to networks employing discrete devices and 
conventional components such as resistors and capacitors, 
but also extends to both linear and digital integrated circuits. 


APPLICATION NOTE 
An Introduction to FETs 


In fact, FET technology today allows a greater packaging 
density in large-scale integrated circuits (LSI) than would 
ever be possible with bipolar devices. 


(Although there is no industry-accepted definition of LSI, 
apparently when the equivalent circuit of an IC contains 
more than 1,000 active elements (500 gates) or is “very com- 
plex”, the end product may be called LSI. With a typical 
LSI chip measuring less than 200 x 200 mils, this is high- 
density packaging indeed.) 


The family tree of FET devices (Figure 1) may be divided 
into two main branches, junction FETs (JFETs) and Insula- 
ted Gate FETs (or MOSFETs, metal-oxide-silicon field-effect 
transistors). Junction FETs are inherently depletion-mode 
devices, and are available in both P- and N-Channel con- 
figurations. MOSFETs are available in both enhancement or 
depletion modes, and exist as both N- and P-Channel devices. 
The two main FET groups depend on different phenomena 
for their operation, and will be discussed separately. 


FIELD EFFECT 

TRANSISTORS 
INSULATED 

JUNCTION GATE 
ENHANCE- 

DEPLETION MENT 

P-CHANNEL N-CHANNEL P-CHANNEL 
1 2 5 


FET Family Tree 
Figure 1 


L-CZNV 


xKIUODI 


AN73-7 


iconix 


Ss 


Junction FETs 


In its most elementary version, this transistor consists of a 
piece of high-resistivity semiconductor material (usually sili- 
con) which constitutes a channel for the majority carrier 
flow. The magnitude of this current is controlled by a volt- 
age applied to a gate, which is a reverse-biased PN junction 
formed along the channel. Implicit in this description is the 
fundamental difference between FET and bipolar devices: 
when the FET junction is reverse-biased the gate current is 
practically zero, whereas the base current of the bipolar tran- 
sistor is always some value greater than zero. The FET isa 
high input resistance device, while the input resistance of the 
bipolar transistor is comparatively low. If the channel is 
doped with a donor impurity, N-type material is formed and 
the channel current will consist of electrons. If the channel 
is doped with an acceptor impurity, P-type material will be 
formed and the channel current will consist of holes. N-Chan- 
nel devices have greater conductivity than P-Channel types, 
since electrons have higher mobility than do holes; thus N- 
Channel FETs tend to be more efficient conductors than 
their P-Channel counterparts. 


Junction FETs are particularly suited to manufacture by 
modern planar epitaxial processes. Figure 2 shows this pro- 
cess in an idealized manner. First, N-type silicon is deposited 


(A) P-type silicon substrate 


N-type silicon layer de- 
posited epitaxially 


Impurity diffused in to 
start isolation region 


More impurity diffused 
in to complete isolation 
and form N-type channel 


SOURCE 


Final form taken by FET: 
with N-type channel em- 
bedded in P-type sub- 
strate 


idealized Manufacture of an N-Channel Junction FET 
Figure 2 
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epitaxially (single-crystal condensation surface) onto mono- 
crystalline P-type silicon, so that crystal integrity is main- 
tained. Then a layer of silicon dioxide is grown on the sur- 
face of the N-type layer, and the surface is etched so that an 
acceptor-type impurity can be diffused through into the 
silicon. The resulting cross-section is shown in Figure 2C, and 
demonstrates how a P-type annulus has been formed in the 
layer on N-type silicon. Figure 2D shows how a further 
sequence of oxide growth, etching, and diffusion can produce 
a channel of N-type material within the substrate. 


In addition to the channel material, a FET contains two 
ohmic (non-rectifying) contacts, the source and the drain. 
These are shown in Figure 2E. Since a symmetrical geom- 
etry is shown in the idealized FET chip, it is immaterial 
which contact is called the source and which is called the 
drain; the FET will conduct current equally well in either 
direction and the source and drain leads are usually inter. 
changeable. 


(For certain FET applications, such as amplifiers, an asym- 
metrical geometry is preferred for lower capacitance and 
improved frequency response. In these cases, the source and 
drain leads should not be interchanged.) 


Figure 2E also shows how the N-Channel is embedded in the 
P-type silicon substrate, so that the gate above the channel 
becomes part of this substrate. Figure 3 shows how the FET 
functions, If the gate is connected to the source, then the 
applied voltage (Vpg) will appear between the gate and the 
drain. Since the PN junction is reverse-biased, little current 
will flow in the gate connection. The potential gradient 
established will form a depletion layer, where almost all the 
electrons present in the N-type channel will be swept away. 
The most depleted portion is in the high field between the 
gate and the drain, and the least-depleted area is between 
the gate and the source. Because the flow of current along 
the channel from the (positive) drain to the (negative) source 
is really a flow of free electrons from source to drain in the 
N-type silicon, the magnitude of this current will fall as more 
silicon becomes depleted of free electrons. There is a limit 
to the drain current (Ip) which increased Vpg can drive 
through the channel. This limiting current is known as Ipgg 
(Drain-to-Source current with the gate Shorted to the 
source). Figure 3B shows the almost complete depletion of 
the channel under these conditions. 


Figure 3C shows the output characteristics of an N-Channel 
JFET with the gate short-circuited to the source. The initial 
rise-in Ip is related to the buildup of the depletion layer as 
Vps increases. The curve approaches the level of the limiting 
current Ipgg when Ip begins to be pinched off. The physical 
meaning of this term leads to one definition of pinch-off 
voltage, Vp, which is the value of Vpg at which the maxi- 
mum Ipgg flows. 


The mechanisms of Figure 3 and 4 react together to provide 
a family of output characteristics as shown in Figure SA. 
The area below the pinchoff voltage locus is known as the 
triode or “below pinchoff” region; the area above pinchoff 
is often referred to as the pentode or saturation region. FET 
pene PON behavior in these regions is comparable to that of a power 

grid vacuum tube, and for this reason FETs operating in the 

Saturation region may be used as excellent amplifiers. Note 

that in the “below pinchoff’ region both Vos and Vps 
Pera herve! FET working below saturdieet (VeS20). control the channel current, while in the saturation region 

(Depletion shown only in channel region). Vps has little effect and Vocs essentially controls Ip. 


Figure 5B relates the curves of Figure 5A to the actual cir- 

cuit arrangement, and shows the number of meters which 
may be connected to display the conditions relevant to any 
combination of Vpg and Vqg. Note that the direction of 
the arrow at the gate gives the direction of current flow for 

DEPLETION ai aie ‘ : 

LAYER the forward-bias condition of the junction. In practice, how- 

ever, it is always reverse-biased. 


[—wos! = |Vpl - |Vesl 


A BELOW PINCH-OFF g lp ABOVE PINCH-OFF 


ee ee ee VGes=0 


SATURATION REGION 


BELOW 
PINCH-OFF 
REGION 


VGes=0 


vp 


Vbs 


ID 


(C) Idealized output characteristic for Vcs = 0. 


(eed Ves VGSioff) 
Figure 3 Mi 


In Figure 4, consider the case where Vps = 0, and where a 
negative voltage VGg is applied to the gate. Again, a deple- 
tion layer has built up. If a small value of Vps were now 
applied, this depletion layer would limit the resultant chan- 
nel current to a value lower than would be the case for 
Vos = 0. In fact, at a value of IVGs| 2 |Vp| the channel 
current would be almost entirely cut off. This cutoff voltage 
is referred to as the gate cutoff voltage, and may be expressed 
by the symbol Vp or by VGS(off): Vp has been widely used 
in the past, but VGs(off) is now more commonly accepted 
since it eliminates the ambiguity between gate cut-off and 
drain pinch-off. VGs(off) and Vp, strictly speaking, are 
equal in magnitude but opposite in polarity. 


(A) Family of output characteristics for N-channel FET 


ID 


(B) Circuit arrangement for N-channel FET 


Figure 5 


YUM 


DEPLETION 
LAYER 


The P-Channel FET works in precisely the same way as does 
the N-Channel FET. In manufacture, the planar process is 
essentially reversed, with the acceptor impurity diffused 

N-channel FET Showing Depletion Due To . 3 “1: . p : 
Gate-Source Voltage (Vpg = 0) first onto N-type silicon, and the donor impurity diffused 
Figure 4 later to form a second N-type region and leave a P-type chan- 
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nel. In the P-Channel FET, the channel current is due to hole 
movement, rather than to electron mobility. Consequently, 
all the applied polarities are reversed, along with their direc- 
tions and the direction of current flow. Figure 6A shows the 
circuit arrangement for a P-Channel FET, and Figure 6B 
shows the output characteristics of the device. Note that the 
curves are shown in another quadrant than those of the N- 
Channel FET, in order to stress the current directions and 
polarities involved. 


In summary, a junction FET consists essentially of a chan- 
nel of semiconductor material along which a current may 
flow whose magnitude is a function of two voltages, Vpg 
and Vqg. When Vypgj is greater than Vp, the channel current 
is controlled largely by Vgg alone, because Vcgq is applied 
to a reverse-biased junction. The resulting gate current is 
extremely small. 


Vps 


Vp 
VGés— VGS(off) 


Ves=0 
ABOVE PINCH-OFF g | > BELOW PINCH-OFF 


I+—\Vps| = Ive| - |Ves| 


(B) Family of output characteristics for P-channel FET 


Figure 6 


MOSFETs 


The metal-oxide-silicon FET (MOSFET) depends for its 
Operation on the fact that it isnot actually necessary to form 
a semiconductor junction on the channel of a FET in order 
to achieve gate control of the channel current. Instead, a 
metallic gate may be simply isolated from the channel by a 
thin layer of silicon dioxide, as shown in Figure 7A. Although 
the bottom of the insulating layer is in contact with the P- 
type silicon substrate, the physical processes which occur at 
this interface dictate that free electrons will accumulate at 
the interface, spontaneously forming an N-type channel. 
Thus a conducting path exists between the diffused N-type 
source and drain regions. Further, the MOSFET will behave 
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INSULATING 
LAYER 


SUBSTRATE 


(A) Idealized cross-section through an N-channel depletion- 
type MOSFET 


(B) Circuit arrangement for N-channel depletion MOSFET 


mA +4V 


0 4 8 12 
Vos 


16 VOLTS 


(C) Family of output characteristics for the 
2N3631 N-channel depletion MOSFET 


Figure 7 


in a manner similar to the N-Channel junction FET whena 
voltage of the correct polarity is applied to the channel, as 
in Figure 7B. 


Output characteristics of an N-Channel MOSFET are shown 
in Figure 7C. Because there is no junction involved, Vgg 
can be reversed without engendering a gate current; the gate 
may be made either positive or negative with respect to the 
source. Under these circumstances, still more free electrons 
will be attracted to the channel region, and Ip will become 
greater than Ipgg. This mode of operation is represented by 
the higher members of the family of ourput characteristics. 
Because the application of a negative gate voltage causes the 
channel to be depleted of free electrons — thus reducing Ip — 
the device just described is called adepletion-mode MOSFET. 


The foregoing has established that the depletion-mode 
MOSFET is a “normally-ON” device: when Vgg = 0, a con- 
ducting path exists between source and drain. In many cir- 
cuits a “normally-OFF” device would be useful, a condition 
which leads to the concept of an enhancement-mode MOS- 
FET. In the latter device, an increasing voltage applied to the 
gate will enhance channel conduction, and depletion will 
never occur, Ip being zero when Vcqg = 0. 


A P-Channel enhancement-mode MOSFET is shown in Fig- 
ure 8. Here, an acceptor impurity has been diffused into an 
N-type substrate to form P-type source and drain regions. 
No conducting channel exists between the source and the 
drain, because no matter how the drain-source voltage is 


applied one of the PN junctions will always be reverse-biased. 


On the other hand, if a negative voltage is.applied to the 
gate, a field will be set up in such a direction as to attract 
holes into the upper layer of the substrate and produce a 
P-type channel. A family of output characteristics for a 
typical MOSFET is shown in Figure 8C. The idealized 
cross-section illustrated in Figure 8A may be used to show 
how the characteristics of Figure 8C come about. Refer 
to Figure 9 for an extension of this phenomenon. 


If a constant (negative) gate voltage, (Ves(k)) is applied, 
then an essentially-uniform P-Channel depletion layer will 
be induced, as in Figure 9A. If a negative drain voltage is 
applied, then current, Ip, will flow through the drain. As 
IVps| increases, Ip also increases. However, the voltage 
between the drain and the gate decreases, so that the thick- 
ness of the channel at the drain end is reduced as in Figure 
9B. Therefore, the relationship of Ip versus Vps will even- 


D 


INSULATING 
LAYER 


SUBSTRATE (OR BODY) 
B 


(A) Idealized cross-section through a P-channel enhancement 
MOSFET 


ID 


Vps 


VGgs=-1V 


+2. 


Q\ 


-4V 
-6V 


=9)\/ 


(C) Family of Output characteristics for a P-channel enhance- 
ment MOSFET 


Figure 8 
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tually reach a limiting value when Vps = Ves, and the 
channel becomes pinched off. This condition is shown in 
Figure 9C. 


Different values. of Vcg give rise to limiting values of Ip; so 
that the characteristic family of output curves which was 
shown in Figure 8 is realized. Characteristics of depletion- 
mode MOSFETs also come about for the same reason, 
except that members of the output characteristics family 
also exist for VGg values of zero or reversed polarity. The 
P-Channel enhancement-mode MOSFET is currently the 
most popular member of the FET family in current use, and 
is in fact the basic element in many LSI integrated circuits. 


In principle it is possible to manufactute the remaining two 
members of the MOSFET family, the P-Channel depletion- 
mode and the N-Channel enhancement-mode devices. Be- 
cause of the spontaneous formation of an N-Channel at a 
silicon/silicon-dioxide interface, the fabrication processes 
involved become quite difficult on a volume production 
basis. Much work has gone into the development of practical 
MOSFET processes for these devices, and N-Channel deple- 
tion-mode types are now becoming generally available. 


Vos =0 


INDUCED 
(A) P-CHANNEL 
DEPLETION 
LAYER 
SUBSTRATE 
(OR BODY) 
B 
IVpsi ~ IV6sIi 
(B) 
B 
IVpsI > IV6s] 
(C) 


Idealized approach of pinch-off, i 
(A) Vps = 0, (B) MVps!< Mes], (C) Vps! > Mes! 


Figure 9 
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FET Characteristics 


The FET enjoys certain inherent advantages over bipolar 
transistors because of the unique construction and method 


include: 


@ Low noise 


@ No thermal runaway 


Low distortion and negligible intermodulation 


products 

High input impedance at low frequencies 
Very high dynamic range (> 100 dB) 
Zero temperature coefficient Q point 


Junction capacitance independent of device current 


The transfer function of a FET approximates to a square- 
law response, and the second and higher-order derivatives of 
£m are near zero; thus strong second and negligible higher- 
order harmonics are produced. Intermodulation products 
are extremely low. 


The input impedance of a FET is simply the impedance of a 
reverse-biased PN junction, which is on the order of 10!° to 
1012 Q. In practice, the input impedance is limited by the 
value of the shunt gate resistor used in a self-bias common- 
source circuit configuration. At RF frequencies, the input 
impedance drop is proportional to the square of the fre- 
quency; for example, in a 2N4416 FET, the input impedance 
would be 22K 22 at 100 MHz. Also, the input susceptance 
increases linearly with frequency, since it is a simple para- 
sitic capacitance. 


The FET has very high dynamic range, in excess of 100 dB. 
Thus it can amplify very small signals because it produces 
very little noise, or it can amplify very large signals because 
it has negligible intermodulation distortion products. It also 
has a zero temperature coefficient bias point (zero TC point) 
at which changes in temperature do not change the quiescent 
operating point. 


Junction FET capacitances are more constant over wide cur- 
rent variation than are the same parameters in a bipolar 
device. This inherent stability allows high-frequency (VHF 
through L-band) oscillators to be built which are far more 
stable than oscillators using low-frequency crystals and 
multiplier stages. 


FET Terminology and Parameters 


Any introduction to the nature, behavior, and applications 
of field-effect transistors requires that certain questions be 
answered on FET electrical quantities and parameters — in 
particular, the most important parameters, and the means 
by which they can be measured. The following discussion 
will define specific FET parameters and their associated 
subscript notations, and present basic test circuits and 
results. 


of operation of the field-effect device. These characteristics 
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Major parameters include: 


e Inss — Drain current with the gate shorted to the 


sOUurce 


VGs(off) — Gate-source cutoff voltage 


Ioss — Gate-to-source current with the drain shorted 
to the source 


BVGssg — Gate-to-source breakdown voltage with the 
drain shorted to the source 


&f5 — Common-source forward transconductance 


C,, — Gate-source capacitance 


Coq — Gate-drain capacitance 


Special attention should be given to the subscript ‘‘s” be- 
cause it has two different meanings and three possible uses. 
In FET notations, an “s” for the first or second subscript 
identifies the source terminal as a node point for voltage 
reference or current flow. However, when using triple sub- 
script notation, an “‘s” for the third subscript does not refer 
to the FET source terminal. It is an abbreviation for “‘short- 
ed”, and signifies that all terminals not designated by the 
first two subscripts must be tied together and shorted to the 
common terminal, which is always the second subscript. 
Therefore, the term Iqgg refers to the gate-source current 
with the drain tied to the source. 


Because of the typical low input and output admittance of 
the FET, four-pole admittance equations are commonly used 
to describe electrical characteristics of the FET: 


Pee ¥ iy Vit Yor ave (1) 


When Y;1, Y2;, Yj and Y 5 are defined as the input, 
reverse transfer, forward transconductance, and output 
admittances respectively, Equation 1 reduces to 


Ly TD Yi 1 Hen 22 


(2) 


19.= YF.V4 1.4 ¥o-¥22 


For a three-lead FET, 11 usually corresponds to the gate- 
source terminal and 22 corresponds to the drain-source 
terminal (i.e., the device is connected in the common-source 
mode). Thus 


li =Yis Ygst Yrs Vds 


(3) 
lo = Yfs Yes t Yos Vds 


Here, the second subscript for the y parameters designates 
the source lead as the common or ground terminal. 


Ipss — Drain Current at Zero Gate Voltage (Ip at Vcg = 0) 


By itself, Ipngg merely refers to the drain current that will 
flow for any applied Vpg with the gate shorted to the source. 
However, when a particular value for Vpg is given, equal to 
or greater than Vp (sée Figure 10), Ipgg indicates the drain 
Saturation current at zero gate voltage. Some FET data 
sheets label Ipgg for Vpg greater than Vp as Ip(on). 


9 
aA 
17) 


SATURATION REGION 


Ip - DRAIN CURRENT 


Vps - DRAIN SOURCE VOLTAGE 


FET Characteristic at VGs = 0 
Figure 10 


VGS(off) — Gate-Source Cutoff Voltage 


The resistance of a semiconductor channel is related to its 
physical dimensions by R = pL/A, where 


p = resistivity 
L = length of the channel 
A=W xT =cross-sectional area of channel 


In the usual FET structure, L and W are fixed by device 
geometry, while channel thickness T is the distance between 
the depletion layers. The position of the depletion layer can 
be varied either by the gate-source bias voltage or by the 
drain-source voltage. When T is reduced to zero by any com- 
bination of Vgg and Vpg, the depletion layers from the 
opposite sides come in contact, and the a-c or incremental 
channel resistance, rpg, approaches infinity. As earlier noted, 
this condition is referred to as “pinch-off” or “cutoff” be- 
cause the channel current has been reduced to a very thin 
sheet, and current will no longer be conducted. Further 
increases in Vpyg (up to the junction reverse-bias breakdown) 
will cause little change in Ip. Accordingly, the pinch-off 
region is also referred to as the pentode or “constant-cur- 
rent” region. 


In Figure 10, pinch-off occurs with Vgg = 0. In Figure 11, 
VoGs controls the magnitude of the saturated Ip, with in- 
creases in Vcg resulting in lower values of constant Ip, and 
smaller values of Vpg necessary to reach the “knee”’ of the 
curve. The current scale in Figure 11 has been normalized to 
a specific value of Ings. 
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Ip/'Ipss - NORMALIZED DRAIN CURRENT 


714V. +1.6V +18V 


PAT 
an 
=251 §.\~30 
BV DGS 
Vps - DRAIN SOURCE VOLTAGE (VOLTS) 


Je He 
: il 
nN 
o 


FET Ip vs Vp Output Characteristics 
Figure 11 
The knee of the curve is important to the circuit designer 
because he must know what minimum Vpg is needed to 
reach the pinch-off region with Vgg = 0. When appropriate 
bias voltage is applied to the gate, it will pinch off the chan- 
nel so that no drain current can flow; Vpg has no effect 
until breakdown occurs. The specific amount of Vgg that 
produces pinch-off is known as the gate-source cutoff voltage, 


VGS(off): 


VGS(off) Test Procedure 


Although the magnitude of VGs(off) is equal to the pinch- 
off voltage, Vp, defined by the pinch-off knee in Figure 10, 
rapid curvature in the area makes it difficult to define any 
precise point as Vp. Taking a second derivative of Vps/Ip 
would yield a peak corresponding to the inflection point at 
the knee, which approximates Vp. However, this is not a 
simple measurement for production quantities of devices. A 
better measure is to approach the cutoff point of the Ip 
versus V gg characteristic. This is easier than trying to specify 
the location of the knee of the Ip versus Vpg output 
characteristic. 


A typical transfer characteristic Ip versus Vcg is shown in 
Figure 12. The curve can be closely approximated by 


!p/!pss - NORMALIZED DRAIN CURRENT 


0.8 1.2 1.6 2.0 2.4 


0.4 
Vos - GATE-SOURCE VOLTAGE (VOLTS) 


Typical 1p vs VGs Transfer Characteristic 
Figure 12 
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Equation 4 and Figure 12 indicate that at Vgg = VGsvoft); Igss — Gate-Source Cutoff Current 
Ip = 0. In a practical device, this cannot be true because of 
leakage currents. If Ip is reduced to less than 1 percent of 
Ipss,» Vgg will be within 10 percent of the VGS(off) value 
indicated by Equation 4. If Ip is reduced to 0.1 percent of 
Ipgs, the indicated VGS(off) error will be reduced to about 
3 percent. For a true indication of VGS(off)> and a realistic 
picture of the parameters of Figure 12, care must be taken 
that leakage currents do not result in an error in the VGS(off) 
reading. Typically, at room temperature, | percent of Ings 
is still well above leakage currents but is low enough to give 
a fairly accurate value of VGS(off): 


The input gate of a P-Channel FET appears as a simple PN 
junction; thus the input d-c input characteristic is analogous 
to a diode V-I curve, as is shown in Figure 14. 


BVGss 


1G - GATE CURRENT (uA) 


A typical circuit for measuring VGS(off) is shown in Figure -10 0 10 20 30 40 
13. At Vgg = 0, the value of Ipgg can be measured. Then, NiGs> GATE Ob IGE aa 

by increasing Vgg until Ip is 0.01 percent of Ipgg, the value 1 

of VGS(off) is obtained. From a production standpoint, it 

is more convenient to specify Ip at some fixed value (such P-Channel FET Input Gate Characteristic 
as 1 nA), rather than as a certain percentage of Ipgg. Thus Figure 14 

a pinchoff voltage specification may be given as indicated in 

Table I. 


In the normal operating mode, with Vcg positive for a P- 
Channel device, the gate is reverse-biased to a voltage be- 
tween zero and VGSs(off): This results in a d-c gate-source 
resistance which is typically more than 100M Q. The gate 
current is both voltage- and temperature-sensitive. Figure 
15 shows this relationship for Iqgg versus temperature and 


Igss IS NORMALIZED TO VALUE AT 
Ta = 25°C AND Vgs = 30 V 
| i { 


Circuit for Measuring VGs(OFF) 103 
Figure 13 


Table | 
Typical Pinch-Off Voltage Specification 


Characteristic 


VGS(off) Gate-source pinch-off voltage of: 
Vps =-5 V. 1p =-1 uA 


RELATIVE IGss 


50 75 100 
Ta ~ AMBIENT TEMPERATURE (°C) 


125 150 


Another method which provides an indirect indication of 

? , ; GSS vs Temperature 
the maximum value of VGS(off) is shown in Table II. The Figure 15 
characteristic specified is Ip(off), Whereas the parameter of 
interest is VGg = 8 volts. The specification does say that the 
maximum VGS(off) is approximately 8 volts, but no pro- 
vision is made for stating a minimum VGS(off)> as was done 
in Table I. Therefore, another test must be made if 


VGS(off) (min) is to be specified. 


If the gate-source junction becomes forward-biased, (nega- 
tive voltage in a P-Channel device) or if Vos exceeds the 
reverse-bias breakdown for the junction, the input resistance 
will then become very low. 


The FET is normally operated with a slight reverse bias 
applied to the gate-source; hence a good measure of the d-c 
input characteristic is to check the gate current at a value 
of gate-channel voltage that is below the junction break- 
down rating. In device evaluation, there are three common 
measurements of gate current: Igno, Igsgo, and the com- 
bined measurement IGgg. These measurement circuits are 
shown in Figure 16. 


Table II 


Indication of Maximum Vp 


Characteristic Test Conditions 


ID(off) Pinch-off Vos =—-1 2 Wf -—10 uA 
drain current Vo6s =8V 
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| The question is, should Igpo and Igsgq be measured 
separately, or will one measurement of IGgg suffice? One 
thing is certain: Iggg + Igpo > Iggg, because the drain 
and the source are not completely isolated. They are, in 
fact, electrically connected via channel resistance. For most 
FETs, if Vc is greater than VGs(oft)> the difference between 
(Igso + Igpo) and Iggg is small; therefore, the measure- 
ment of Iggg is a realistic means of controlling both Igno 


and IGso- 


In a circuit, VGp may be biased between zero and BVcpg, 
while Vcg will be between zero and VGS(off): therefore, 
Ig is not necessarily the same as Iggg. 


BVgGss — Gate-Source Breakdown Voltage 


FET input terminals have been previously described as having 
NP or PN junctions, depending on the channel material. As 
such, the junction breakdown voltage is a necessary 
parameter. 


A useful equivalent circuit for a FET is the distributed con- 
stant network shown in Figure 17, for a P-Channel FET. If 
an N-Channel device is being evaluated, the diodes would be 
reversed. In most applications, the gate-drain voltage is 
greater than the gate-source voltage; thus the gate-drain 
breakdown rating is most important. However, it is also pos- 


Three Common Measurement of Gate Current 
Figure 16 


SOFT KNEE (FAILING) 


sible to consider the gate-source junction breakdown and 
the apparent drain-source breakdown (i.e., in Figure 17, 
when a high negative voltage is applied from drain to source, 
CR, will break down while CR,, becomes forward-biased). 


Some device manufacturers use a BVGpo ‘ating, which 
means they are only checking diode CR). A better method 
is to use a BVGgg rating (gate-source breakdown with the 
drain shorted to the source), because it checks both CR, 
and CR,, in addition to exposing the weakest breakdown 
path along the entire gate-channel junction. The BVcgg test 
also allows the user to interchange source and drain lead con- 
nections without worry about device breakdown ratings. 


Admittedly, a BVggg test will reject some units which 
might pass a BVcGpo test; the number rejected, however, 
will be insignificant compared to the advantage of providing 
symmetrical operation. 


Test Procedures for BVGss 


Junctions may break down softly or sharply; junctions with 
soft knee breakdown are undesirable. Without examining 
each individual unit on a curve tracer, devices with a soft 
knee may be eliminated by selecting a low current level for 
breakdown measurement (see Figure 18). 


GATE DRAIN 


CRh 


O SOURCE 


A Useful FET Equivalent Circuit 
Figure 17 


SHARP BREAKDOWN 


Examples of Soft Knee and Sharp Knee Breakdown 
Figure 18 
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£f5 — Transconductance Specifications for gp, are shown in Tables III and IV. Note 
that there is a difference in the test conditions specified for 
the N-Channel 2N3823 and the P-Channel 2N3329. The gate 
voltage for the 2N3823 is established as zero. This means 
Alp that gr, is measured at Ip =Ipgg, as in Table II. 


&fs = AVGs » Vps = constant (5) 


Transconductance, ge, is a measure of the effect of gate 
voltage upon drain current: 


Table II! (2N3823) 


Ae Test 
Characteristic his 
Conditions 


Of, Small-signal common- 
source forward 
transconductance 


The interrelation of gre, to the parameters Ipgg and 
VGS(OFF) Should be noted. Equations 4, 6 and 7 describe 
the value of Ip and Sf, in a FET for any value of Vgs 
between zero and VGS(OFF)- 


8s =Btso (1 - 1 WGSyr (6) Table IV (2N3329) 
s so 
VGS(off) Test 
Characteristic Sondinieue Unit 
ye 2IDss (7) Yfs Common-source Vos =-10V, 20 umho 
aR VGS(off) forward transfer (5p =-1mA 
admittance f=1kHz 


where gr, is the value of ge, at Vog = 0 and Ipss is the 

value of Ip at VGg = 0. With these equations, the value of The test conditions shown in Table IV specify a certain 
Bf, can be calculated with a fair degree of accuracy (20 per- value for Ip (-1 mA for the 2N3329). This means that for 
cent) if Ingg and VGs(off) are known. each unit tested, Vag is adjusted until Ip equals the speci- 


fied value. The conditions specified in Table III simplify 
Figure 19 shows normalized curves for Ip and Zfs as func- testing of the ge, parameter by eliminating the necessity of 
tions of Vgg in a P-Channel FET. These curves were ob- adjusting Vcg. Figures.20 and 21 show typical test setups 
tained from actual measurements on typical diffused chan- for the two methods. 


nel FETs, such as the 2N2606. The curves agree very well 
with Equations 4 and 6 until VGS(off) is approached. For 
these curves, VGs(off) was assumed to be the value of Vcs 
where Ip/Ipss = 0.001. 


Vps=-5V f=1ke ali 
FOR gf; MEASUREMENTS 


Test Circuit for gf, with Vgs = 0 
; Figure 20 


Ves/V@s(off) 


Normalized Curves for Ip and g¢, 
as Functions of Vgs 
Figure 19 


The drain current of a JFET operating in the triode (below 
pinch-off) region can be accurately predicted by using Equa- 
tion 8, where 


YDS 
Ip/triode =I Fk op ed (8) Test Circuit for gf, with Ip Specified 
D DSS VGs(off) ircui prsee D Specifie 
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Junction FET Capacitances 


Associated with the junction between the gate and the chan- 
nel of a FET is a capacitance whose value and geometric 
distribution are functions of the applied voltages VGg and 
Vps- Because of the complexity of dealing with such a 
distributed capacitance, a simplification is made so that two 
lumped capacitances, C,, and Coa, exist between the gate 
and the source and drain, respectively. (A much smaller 
capacitance, Cq,, also exists between the drain and the 
source, stemming mainly from the device package; this 
header capacitance is small enough so that it can be ignored 
for most purposes.) 


Data sheets quote Cy, and Coq (or other capacitances from 
which they may be derived) for specified operating condi- 
tions. Occasionally, graphs are included which show the 
variations of Cys and Cod as the result of changing condi- 
tions of Vpg, Vgg and temperature. If these data are not 
presented, an estimate of inter-electrode capacitance values 
may be made by assuming that these values vary inversely 
with the square root of the bias voltage. The temperature 
variations will be very small, because they depend on the 
—2.2 mV/°C change in junction potential difference. 


Assuming that the FET is properly biased — that is, that the 
d-c conditions are met by the external circuitry — it is pos- 
sible to construct an incremental equivalent circuit from 
which the small-signal or a-c performance may be predicted. 
Such an equivalent circuit is shown in Figure 22. 


Cgss = Ciss = Cgs + Cad 
Coss = Cgd + Cds = Cgd = Crss 


Incremental Equivalent Circuit for the Junction FET 
Figure 22 


The equivalent capacitance from the gate to the source, Cogs, 
is shunted by a very large input resistance, Igs, with both of 
these parameters being characteristic of a reverse-biased 
junction. Similarly, the equivalent capacitance from the gate 
to the drain is shunted by the very large resistance rgq. (For 
most purposes, Ip, and Igq may be neglected, and the gate 
impedance of the FET treated as pure capacitance). At the 
drain side of the equivalent circuit the small capacitance 
Cqs— which stems from the header material — is shunted by 
the incremental channel resistance, rg,. This resistance is 
capable of wide variations, depending on bias conditions. 
Since the equivalent circuit is fundamentally relevant to the 
pinch-off or saturated condition, rg, will be on the order of 
megohms. 
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The incremental channel current is given by the transcon- 
ductance, gr,, multiplied by the incremental gate voltage. 
For the small signal, Voss this is manifested in the equivalent 
circuit by the current generator BEsVos- Notice that the con- 
ventional direction of flow of this current is such that ig 
flows into the FET, in a “‘positive’’ direction. 


Many circuits can be designed around the equivalent circuit 
for the junction FET. The actual values of gf, adn rds can 
be measured as previously mentioned; there remains only 
the requirement to establish the methods of determining 
Cogs and Coed. 


First, assume that the FET is in operation and that the drain 
is connected to the source via a large capacitor, i.e., the 
drain and source are short-circuited to a-c. Under these cir- 
cumstances, a capacitance measurement between the gate 
and the source will give 

Cgss (or Ciss) = Cgs + Cod (9) 
Second, assume that the gate and source are short-circuited 


to a-c in a similar manner. A capacitance measurement be- 
tween the drain and the source will now give 


Cdss (or Coss) * Cg (10) 


The alternative symbols Cjsg and Coss simply refer to mea— 
surements made at the input (gate) and the output (drain) 
respectively. An alternative symbol for Cgq is Cyss, which 
refers to the “‘reverse”’ capacitance.- 


In data sheets, it is customary to state (= Ciss) Cgss and 
Cdss (= Cass)- Crsg is often given in place of Cogs because 
if Cds < Cogs, which is usually the case, then Cysg = Cogs . 
Equations (9) and (10) can be used in those instances where 
it is necessary to extract Cgs and Cgq, as in 


Cgs = Ciss - Cod = Ciss - Cres (11) 
and 
Cad = Crss (12) 


Remember that all capacitance measurements should be 
made at the same bias levels, since the capacitances are func- 
tions of applied voltages. To indicate the order of the capa- 
citances to be found in a junction FET, consider the values 
given in the data sheet for the Siliconix E202 N-channel 
FET. They are given as 


Ciss (at VDs = 20 V and f = 1 MHz) = 5 pF max. 


and 


Crss (at Vps = 20 V and F = | MHz) = 2 pF max. 


Hence, at a drain-source voltage of 20 V and a frequency of 
1 MHz, Cgs = 5 - 2 = 3 pF maximum. Even. though the FET 
is physically symmetrical, bias conditions have forced the 
capacitances to be unequal. 
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APPLICATION NOTE 


Audio-Frequency Noise Characteristics 
of Junction FETs 


INTRODUCTION 


The purpose of this application note is to identify and factor, a source resistor Rc, with a thermal noise voltage 
characterize audio frequency noise in junction field-effect ey, is added to the circuit. 


transistors. Emphasis is placed on basic device character- 

istics rather than on end applications, since it is impor- A noise factor (F) may be defined as 

tant for the circuit designer to know the salient noise Total available,outpuénoisenenen 
behavior of the FET, and how those characteristics may be F= 


specified by production-oriented test parameters. Noise power at output due to thermal noise of ae 


or 


Defining FET Noise Figure Noise power output due to Rg + noise power out- 

For analysis, it is convenient to represent noise in a FET put due to FET 

by assuming that an ideal noise-free device has two external Noise power output due to Rg 

noise sources, ex and in. These noise sources are chosen 

to have the same output as would an actual noisy FET. An 

equivalent circuit is shown in Figure 1. H Noise power output due to FET 
Noise power output due to Rg 


Or 


Or 


Gain X noise power of FET referred to input 


NOISE-FREE FET 


co 


F=1]+ 


Gain X noise power due to Rg 


Or 


Noise power of FET referred to input 
a F=1+ 


Noise power due to Rg 


The thermal noise voltage across Rg is) 


ep = V4kTRGB (1) 


Representing Noise in an Ideal FET 
Figure 1 


where k = 1.380 x 10°23 Joules/°K (Boltzmann’s Constant), 
T = temperature in °K, and B = bandwidth in Hz. Therefore 
noise power due to Rg is 


A noise factor (F) is a Figure of Merit of a device with ep? 4kTRGB 
respect to the resistance of a generator. To calculate a noise Ro Re B (2) 
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The noise power of the FET referred to the input is 


ir 2 
EN” 
Rg + in? - Rc (3) 


When expressions for the noise power of both the FET and 
Rg are substituted, the noise factor becomes 


bebe en? ate in2Rc? (4) 
4kTRGB 

A noise figure (NF) expressed in dB indicates the presence 

of added noise power from the FET or another active 

device. The noise figure is always given with reference toa 

standard, specifically the generator resistance Rc: 


NF = 10 log)g [F] (5) 


The noise figure of the FET is 


Tig CP APETE UO) oo 
en~ + in“R 
RS” | a (6) 


NF= 10 logio [ UR 4kTRGB 


When junction FET noise is expressed in terms of the noise 
figure (NF), an inherent disadvantage arises in that the 
noise figure value is dependent upon the value of the gen- 
erator resistance, Rg. Therefore, the ex, in method re- 
mains as the best way to quantitatively express the noise 
characteristics of the FET itself. 


Describing Junction FET Noise Characteristics 


Junction FET en and ‘in characteristics are frequency- 
dependent within the audio noise spectrum, and take a form 
as shown in Figure 2. 


Sis SSeS eT OTE TT 
EXCESS NOISE 4 ene. ae 

EGIO! 
Scott Fi ot 


ail ie a 


Hz) 


1A — 


rH PO re 
| itt Roa tt 


UL meeriai San 0A +1 a 
: Nr n= 4 to25 NUIT | Ne 
—— ae 


NOISE VOLTAGE (nV/ 


(2H//dWV) LN3YYND 3SION 
ANdNI LINDYID-N3dO LNATVAINDS — Ni 


ey — EQUIVALENT SHORT-CIRCUIT INPUT 


a Sa wae 
= —_es 
in 4 iil 
eat EoaH nl 
| UU 
| qin iia 10°16 
10 100 100K 


f — FREQUENCY (Hz) 


Characteristics of Junction FET Noise 
Figure 2 


en, the equivalent short circuit input noise voltage (with 
the exception of the 1/f" region), is defined as(2) 


ex = V4kTRNB (7) 


the square of the gate area (ey « 1 /Ag? ), independent of 


where Rn = 0. 67/g¢,, the equivalent 
resistance for noise. The ey, except in the 1/f" region, 
closely approximates the equivalent thermal noise voltage 
of the channel resistance. 


In the so-called 1/f" region, ey is expressed as 
= /4KRyBC + f/f) (8) 


where n varies between 1 and 2 
and is device- and lot-oriented. 


The characteristic bulge in ey in the 1/f" region has been 
observed to some extent in all junction FETs submitted to 
test. The breakpoint or corner frequency shown as fy in 
Figure 2 is lot- and device design-oriented, and varies from 
about 100 Hz to 1 kHz. 


As indicated in Equations (7) and (8), ey is inversely pro- 
portional to the square root of the transconductance of the 
FET (en & 1/x/g¢,). ex can be lowered by a factor of 
1/\/N if N devices with matched electrical characteristics 
are connected parallel. For example, when 


N= 2 (9) 


let 


en = &N2 hy) 


and let 


8fs1 ~ 8fs2 (11) 


Thus, 


PF LOPAL = (2 Beep Orse Ere 


From Equation (7) 


en = V4kT(0.67/g¢,1)B (13) 
and 
enTOTAL = V4kT(0.67/2g¢,1)B (14) 


Thus, 


= jen 
enTOTAL = 7 Nt (15) 


A second way to achieve low en is to use a device with a 
large gate area. Empirically, en is inversely proportional to 


Bf. This large gate area philosophy has been followed in the 
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design of the Siliconix 2N4867A FET, and noise perfor- [Taig yee FE oP barrelo1 bean 
mance of the device is discussed later in this Application 
Note. A major advantage of this type of design is that en is 


significantly lowered and iy also remains at a low value. 


1/3 L144 SELECTED | 
FOR LOW NOISE 


The equivalent open-circuit input noise current, in, with the 
exception of the shot noise region shown in Figure 2, is due 
to thermally-generated reverse current in the gate channel 
junction. It is defined as 


‘in = V2qIGB (16) 


where q = 1.602 x 10°19 

coulomb (the magnitude of the electron charge), Ig is the SHIELDED ENCLOSURE 
measured DC operating gate current in amperes, and B is [a vane Tet ii minimal 
bandwidth in Hz. The expression is accurate only when the 

measured gate current is the result of bulk device conduc- 
tance. It is possible for the measured gate current to be due 
to conductance stemming from contamination across the 
leads of the semiconductor package. 


Test Circuit to Measure Popcorn Noise 
Figure 3 


At higher frequencies, as in the shot noise region shown in The graph in Figure 4 shows “moderate” burst noise ob- 
Figure 2, in can be approximated as being equal to the served in a group of junction FET differential amplifiers 
Nyquist therr: al noise current generated by a resistor: 3) which were measured in the test circuit. 


where Ry is the real part of the 
gate-to-source input impedance. The breakpoint or corner 
frequency f> in Figure 2 is lot- and device design-oriented 
and can vary from 5 kHz to 50 kHz. 


Another form of noise found in junction FETs is known as 
“popcorn” or burst noise; the term popcorn noise was origi- 
nated in the hearing aid industry because of noise or level 
shifts which are present in input stages, and which resemble 
the sound of corn popping. 


Popcorn noise is a form of random burst input noise cur- Popcorn Noise in Differential Amplifiers 

rent which remains at the same amplitude, and which is con- Elgures4 

fined to frequencies of 10 Hz or lower. The suitability of a 

FET device is dependent on the amplitude of the burst, its 

duration, and its repetition rate. The origins of popcorn Operating Point Considerations 

noise are not completely identified, but are believed to be Unlike bipolar transistors, where en and ‘in characteristics 

caused by intermittent contact in aluminum-silicon inter- vary directly with change in collector current (Ic), similar 

faces and by contamination in the oxidation processes. characteristics in junction FETs will vary only slightly as 
drain current (Ip) is varied. This is true so long as the FET 

A test circuit to measure popcorn noise in differential is biased so that the drain-source voltage is greater than the 


junction FET amplifiers is shown in Figure 3. In practice, pinch-off voltage (Vps a Vp or Vos off) 
popcorn noise is evaluated on an engineering basis, and not 


on a production-line basis. No correlation between 1/f" The en in junction FETs will be lowest when the devices 
noise at 10 Hz and popcorn noise has yet been found in are operated at Vag = 0 (Ip = Ipsg), where transconduc- 
junction FETs. However, if the amplitude of the burst is tance (g¢,) is at its highest value. This will be true only if 
large and occurs frequently, then 1/f noise voltage (ex) device dissipation is maintained very low in relation to the 


is masked and difficult to evaluate at 10 Hz. total dissipation capability of the FET. 
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The curves in Figure 5 illustrate changes in en as the oper- 
ating drain current (Ip) is varied. Note that the lowest ey 
did not occur at Vag = 0, because of high power dissipa- 
tion and a resultant rise in junction temperature at the 
operating point. 


2N4392 Hit—+-+ Ings = 35 mAX 
(NC GEOMETRY) tH = Ta = 25°C 


inl 


Hz) 


Lot tttit 
H en @ Ip = 0.1 Ipss HH 


NOISE VOLTAGE (nV/ 


= 
Seah maaitiiss 


10K 
f — FREQUENCY (Hz) 


en) — EQUIVALENT SHORT-CIRCUIT INPUT 


en Changes vs Ip Variations 
Figure 5 


The optimum (lowest) ix in depletion-mode junction FETs 
should occur at Vgg = 0 (Ip = Ipgg). In practice, very 
little change will be seen in in when the operating point is 
changed, provided that the drain-gate voltage is maintained 
below the gate current (IG) breakpoint and power dissipa- 
tion is kept at a low level. The curves in Figure 6 illustrate 
in characteristics as a function of drain-gate voltage at 
points below, on, and above the Ig breakpoint voltage. 


2N3822 
(NRL GEOMETRY) | 


(2H //dWV) LNSHYND JSION — Ni 


4 
Mail 
loss 1 
=z Sai mit a 10-16 
100 


10K 
f — FREQUENCY (Hz) 


in Characteristics as Function of Drain-Gate Voltage 
Figure 6 


In circuit design, particular attention must be paid to drain- 
gate voltage (Vpg) to minimize gate current (Ig) under 
operating conditions. The critical drain-gate voltage (Ig 
breakpoint voltage) can be anywhere from 8 to 40 V, 
depending on device design. 4) Gate operating current (IG) 
should not be considered equal to gate reverse current 
(Igss) in linear amplifier applications. IGgg is only an indi- 
cation of reverse-biased junction leakage under non-oper- 
ating conditions. The Curves in Figures 7 and 8 show how 
Ig breakpoint is related to basic device design. Device 
designs with a high g¢,/C;,, ratio have low breakpoint volt- 
ages, typically at Vyc = 10 V, whereas high mw devices 
(u = Tqs ° Sf). have much higher Ig breakpoints, typically 
Voc = 20 - 30 V. 


2N3822 25°C 
(NRL GEOMETRY) 


HIGH uw TYPE 


Ta 


alll 
ll 
ail 


Ig — GATE CURRENT (nA) 
li > 


VpgG — DRAIN-GATE VOLTAGE (VOLTS) 


Gate Operating Current vs Drain-Gate Voltage 
Figure 7 


% 2N5911 
(NZF GEOMETRY) 
HIGH gm/Cj,, TYPE 


ig — GATE CURRENTS (nA) 


VpgG — DRAIN-GATE VOLTAGE (VOLTS) 


Gate Currents vs Drain-Gate Voltage 
Figure 8 


Characteristics of en and iy at Low Temperature 


Three equations presented earlier ( (7), (16) and (17) ) 
show that en and iy are temperature dependent. ex and ix 
are proportional to ./T, and both will be reduced if the 
temperature is lowered. In Equation (16), iy is propor- 
tional to Vig; Ig will halve for each temperature drop of 
10 to 11°C. €y is also proportional to VRy; where Ry = 
0.67/g¢,. Thus when gg, is increased, which is typical of 
junction FETs operating at low temperature, ey will 
also lower. 


In Figure 9, ge, has been plotted vs temperature for a sili- 
con junction FET, and the low temperature limitation 
caused by a dropoff in ge, is clearly shown. 


gf; - FORWARD TRANSCONDUCTANCE (umhos) 


T — TEMPERATURE (°K) 


Gf, VS Temperature 
Figure 9 
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In connection with the plot of gr, vs temperature, note An alternate method of performing the above test is to use 
that the relationship can vary from approximately 0.2% to a Quan-Tech Transistor Noise Analyzer consisting of a 
1% per degree C. The gg, slope depends upon the basic de- Model 2173 Control Unit and a Model 2181 Filter. The 
sign of the FET, and upon the proximity of the drain cur- analyzer has provision for measuring ex and determining 
rent operating point to Ipz, the zero temperature coeffi- NF with various values of Rg in FET and bipolar devices 
cient point. with selectable test conditions. The measuring system has a 
constant gain of 10,000. The analyzer records output noise 
The major application for junction FETs at low tempera- at selected frequencies between 10 Hz and 100 kHz in the 
ture is in charge-sensitive amplifiers, (5) For best performance device under test, with the scale shown as the actual output 
in this type of application, a high g¢,/C;,. ratio is required. divided by 10,000, This is then the output noise referred to 
Recommended Siliconix FET types for such applica- the input. The equivalent bandwidth for testing is 1 Hz. 
tions are the 2N4416 (NH geometry) and the U311 
(NZA geometry). There are certain instances where the test circuit or the 
Transistor Noise Analyzer are not adequate to measure en 
Test Measurements at certain frequencies over certain bandwidths in the 1/f 
By definition, eyy and ix are referred to the input of the _ ‘egion. The rms noise over a bandwidth from flow to fhigh> 
device under test. To measure @y, the test circuit shown in Where there is a 1/f" characteristic over the entire range, 
Figure 10 will prove useful. can be computed as 


+Vpp ‘thigh 1/2n 
fknown * !n ( ae (18) 


en = len known| . 


Figure 11 represents this equation graphically. For example, 
ey known = 70x 109 V//Hz at 10 Hz. How much noise is 
in the band from 4.5 to 5.5 Hz? The noise has a 1/f1 charac- 
teristic over the entire range. Thus 


OSCILLATOR 


70x 109] - [10 in (58) ie Volts (19) 


en = 


TRUE RMS 
VOLTMETER 


MOUNT D.U.T. AND INPUT CIRCUITRY 
IN SHIELDED ENCLOSURE 


Test Circuit to Measure en 
Figure 10 


en = 99.16 x 109 V/x/Hz @ 4.975 Hz, (20) 


The following procedure should be used to make the 4.975 Hz is 1s mean center frequency where frnean = 
en test: (flow fhigh)’!~. 


1. Set tunable filter to required flow and fhigh- Ad- 


just oscillator to mean center frequency (f reaivael 


[flow : fhigh] 1/2). 


2. Set Vos, to 100 mV with Switch 1 in position(1,) = Ae 


C a 1 10? -5 
ompute V,,, = 10 Ga 10° V= 10uV. 


V, 
Measure V,,,4;. Compute overall gain as Avner 


en 
Vout 1 KNOWN 


10uV" 


Set Switch 1 to position (2) and measure Vo) +9. 


Compute Vj,5, the equivalent short-circuit input tow I | Thigh pense 


noise voltage (ey), using Ay from Step 3. Vind = 


22 ey in volts over bandwidth figw to fhigh- Sermeotng aria pp tidlaniiss 
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‘in measurements are difficult to implement at best. At fre- 
quencies below f, in Figure 2, in is assumed to have a con- 
stant level or “‘white” noise characteristic which may be 
correlated to gate current, Ig. From Equation (16) Ig is 
established as the measured bulk gate current. Because 
measured gate current (I) is the result of all conductances 
at the gate, the resultant gate current and the computed i, in 
due to bulk material can be assumed to be this value or less. 


The total equivalent input noise of the FET can be approxi- 
mated by) 


(21) 


where e: et Is; the thermal noise of 
the generator resistance Rg and eni- is the total noise 
referred to the input. This approximation assumes that the 
equivalent noise voltage and the current generators vary 
pacependently, ectuation (21) implies that in“ can be cal- 
culated if ey*, ep? and total noise e,;” are known. The 
difficulty here is that in MOS or junction FETs, the Rg 
must be very large to detect the anticipated small value of 
‘in: aes when Rg is very large ey“ is much greater 
than ‘in? Re2. For example, over a 1 Hz bandwidth at 
25°C, if Rg is equal to 100 MQ, then 


2 = 4kTRg = 4 x 1.38 x 10% x 2.95 x 102 x 108 = 


1.63 x 10°!2 V/./Hz. (22) 


Anticipated iy is 
‘in © 1015 Amperes//Hz 


and 


‘in? = 10°30 Amperes/\/Hz. 
Thus 


‘iy? * Rg? = 1030: 1016 = 10°14 V/./Hz. (25) 


Therefore, ix? * Rg is much less than ey, which renders 
this method of finding ix impractical for most common 
MOS FETs or junction FETs. 


An improved method of measuring ‘in? is to substitute a 
low-loss mica capacitor for resistor Rg. The mica capacitor 


by definition does not have equivalent thermal noise voltage, 
and thus Equation (21) becomes 


(26) 


(where Xc = capacitive reactance) 


5-17 


oni? “ ény2) 1/2 


Xe (27) 
When a 10 pF mica capacitor was used in the evaluation 
circuit (up to a frequency of 100 Hz) a correlation of from 
80 to 90% was obtained when compared to in“ computed 
from measured gate current readings. 


At frequencies above 100 Hz direct computation of ‘in via 
the capacitor method becomes unwieldy because of the 
rapid decrease in capacitor reactance at these frequencies. 


In calculating ij at higher frequencies, an alternate method 
is to measure (Rp ) the real part of the gate-source impe- 
dance of the FET. (7) When Ry is measured at various fre- 
quencies, the equivalent short-circuit input noise current 
(in) can be computed as a function of frequency (See 
Equation (17) ). A convenient instrument to measure Rp is 
the Hewlett-Packard Type 250A Rx meter or equivalent. 
The Type 250A Rx meter can measure Rp accurately up to 
200K ohms. As is shown in Figure 12, this establishes the 
low frequency limit of 20 MHz for ix computed via direct 
measurement of Rp for the Siliconix FET Type 2N4117A. 
For frequencies between 100 Hz and 20 MHz, ij must be 
extrapolated, as is shown in Figures 12 and 13. For FET 
types with lower R, (such as the Siliconix 2N4393) ijy can 
be computed down to 2 MHz, and hence extrapolated iy 
between 100 Hz and 100 kHz is more accurate. 


(Z2H//SdV) LNAYHND 3SION — Ni 


1 LT] = 
7 UT a ENT 


EXTRAPOLATED CALCULATED\||| 


Rp — GATE-SOURCE RESISTANCE (OHMS) 


f — FREQUENCY (MHz) 


Low Frequency Limit for Calculated ipy 


Figure 12 


2N4117A 
(NT GEOMETRY) HH FF 15 = Ings 


(ZH//dWV) LN3YYND 3SION — Ni 


f — FREQUENCY (Hz) 


1K 100K 1000K 


Extrapolated ipy vs Frequency 
Figure 13 
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The following are representative en; ‘in curves for Siliconix J-FET products. Of particular importance is the geometry 
which by its design governs the basic noise characteristics of product types derived from it. 


en — NOISE VOLTAGE (nV/\ Hz) 


(2H, YdWV) LNSYYND 3SION — Ni 


Mies ta lll 


f — FREQUENCY (Hz) 


2N4338 == 2N3821 Ht FF Vps = 10 V 
(NP GEOMETRY) (NRL GEOMETRY) if Tt | = 1.06 mA 


8 
8 


iPitn 'N@ Ip ='pss ef 
‘in @ Ip = 0.1 'Dss 


-_ 
o 


(2H, YdWV) LN3HHND ASION — Ni 
en — NOISE VOLTAGE (nV/\/Hz) 


yy 


(ZH//dWV) LNSYYND 3SION — Ni 


wo = 
en ®@ Ip = Ipss H 
fines tiie 1a 


10K 100K 
f — FREQUENCY (Hz) f— FREQUENCY (Hz) f — FREQUENCY (Hz) 


ex — NOISE VOLTAGE (nV//H2) 
en — NOISE VOLTAGE (nV/\/Hz) 
(ZH//dWV) LNAYYND 3SION — Ni 


ai = 
iat SRS 


2N5116 
( GEOMETRY ) 


Ht 
P-CHANNEL 
oan 


z) 


8 


en — NOISE VOLTAGE (nV//Hz) 
3 


en — NOISE VOLTAGE (nV/\/Hz) 
en — NOISE VOLTAGE (nV/; 


(ZH/YdWV) LN3YYND 3SION — Ni 
(2H//dWV) LNSYYND ASION — Ni 


(ZH/Y/dWV) LN3YYND ASION — Ni 


f — FREQUENCY (Hz) f — FREQUENCY (Hz) f — FREQUENCY (Hz) 


FET Noise Characteristics by Geometry 
Figure 14 
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CONCLUSION 


Contemporary junction FETs have noise voltages (en) equal 
to those found in low-noise bipolar transistors. Each type 
of device has a different operating mechanism: the FET is 
voltage-actuated, while the bipolar transistor is current- 
actuated. Hence, FETs have an inherently lower noise cur- 
rent (in) and are preferred over bipolar devices in most 
audio-frequency applications where low-noise performance 
is a design requirement. 


When bias points are properly selected, as described in this 
Application Note, the excellent low-noise characteristics of 
high ge, junction FETs can be realized. 


The curves shown in Figure 14 are representative of en and 
‘in performance of Siliconix junction FETs. Of particular 
importance in these curves is the process geometry by which 
the basic design of the FET governs the noise characteris- 
tics of product types derived from it. Readers are invited 
to refer to the Siliconix FET catalog for full geometry per- 
formance data, and for specific part numbers stemming 
from the generic process geometries. 


In the measurement section of this Application Note, it 
was shown that direct en measurements can readily be 
made. iy can be guaranteed at frequencies below 100 Hz by 
measuring the DC operating gate current (IG). When Ig is 


known, ‘in can be extrapolated from frequencies below 
100 Hz to predict noise performance at frequencies to 
100 kHz. 
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INTRODUCTION 


The field-effect transistor lends itself well to video amplifier 
applications. Gain bandwidth products in excess of 250 MHz 
may be easily achieved using simple one or two transistor 
circuits. DC input resistances in the tens of megohms range 
may also be easily achieved while input capacitances may be 
significantly reduced to less than 1 pF by well known circuit 
techniques. Video amplifiers have applications in communi- 
cations and pulse amplifying circuits and normally operate 
up to 100 MHz. 


Behavior of FET Input Resistance 


A prime FET parameter, input impedance, has a large effect 
in determining the frequency response of a FET video am- 
plifier. It is not a simple RC network but one in which the 
real and imaginary parts are a function of frequency. 


The voltage generator source resistance R, and the FET 
input impedance Z;,, form a frequency sensitive attenua- 
tion network. The larger the Rg, the worse will be the fre- 
quency response, and vice versa. Examining this in greater 
detail, consider the input equivalent circuit of a FET con- 
nected in the common source configuration, 


where 


Rg, and Red = bulk series gate resistance 
Cys and Coa 
Gee output conductance 


bulk series gate capacitance 


Rod Cod 


Figure 1 


APPLICATION NOTE 
FETs for Video Amplitiers 


For this analysis the gate source leakage resistance has been 
ignored due to its high value. Redrawing the input equivalent 
circuit as a simple parallel RC combination results in 


Figure 2 


where 
G, =Re lYjnl 


w[T Cy CL wT 57) +T5C>(t wT }2)] 
1 = (w2T1T>)2 + w2 (T}2 + T>2) 


(1) 


and 
By =ImlYin! 
w [Cy (1+ wT) =? Co (1+ wT }2)] 
1 -(w2T,T)2 + w2 (T12 + T2) 


where 


Ty = CgdRed 
t= CosRos (3) 


The input resistance varies inversely with the square of the 
frequency (see Figures 3 and 4) while the input reactance is 
inversely proportional to the frequency (see Figure 3). 
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In common-source circuits, 1/G will typically fall to < 2K 
ohms at 100 MHz while C; remains substantially constant at 
least up to 1000 MHz. Figures 3 and 4 below exhibit these 
relationships. 


INPUT ADMITTANCE (mmho) 


FREQUENCY (MHz) 


Figure 3 


(INCLUDING STRAYS) 
(©) JONVLSISAY LAdNI — Nly 


Ciy — INPUT CAPACITANCE (pF) 
3 
i=) 
A 
+) 


FREQUENCY (MHz) 
(A) 
Figure 4 
To maintain low input capacitance, and thus a high input 
impedance over a wide frequency range, feedback may be 
applied to most circuits. Such techniques are explored in 
“FET and Bipolar Cascade” section (page 5). The effect of 
Rg on the frequency response is shown in Figures 6, 9, 11, 
13 where various amplifier configurations are investigated. 


Circuits to Consider 


Five video amplifier circuits are considered. They are: 


Common-Source Configuration 
Shunt-Peaked Common-Source Configuration 
Source Follower 

Cascode Amplifier 

FET and Bipolar Cascade 


Common-Source Circuit | 

The circuit of Figure 5 features high input impedance and 
high voltage gain. The drain resistor is set at 560 ohms to 
maintain good bandwidth which, with 50-ohm generator 
impedance, is determined primarily by the drain load com- 
ponents. These are: 


Rp = 560 2 (4) 
Cr = Coq + Cp + Cy (5) 
Coq = 2.0 pF, Cp the VTVM probe, 2.0 pF, and Cg is 
circuit stray capacitance of 3 pF. 
Ce =232 + 3=7 ph 


(6) 
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Figure 5 


The 3-dB frequency «3 is given by: 


1 


a B CyRp (7) 


i 1 
7x 10712 x 560 


(8) 


w3 = 255 x 10° (9) 


f3 = 39 MHz (10) 


J300 
(x2n5911/12, The low frequency voltage gain for this configuration is 


given by: 


8fsRp 
= 11 
i Vath IneaRe g)) 


Ay = 4.9 (12) 


where 


fs = 15 mmho when Ip = 12 mA, the quiescent current 
Rp= 560 2 (13) 
Rg = 47 (14) 


Measured Performance 


Figure 6 shows the frequency response of the circuit. The 
low-frequency gain was measured at 4.5 and the 3-dB band- 
width at 44 MHz giving a gain bandwidth product of 
197 MHz. This compares with a calculated gain bandwidth 
of 191 MHz. 


NN 
NUT 


corres | Ll 


| 
i LIN 
SUT ATTN ET 
CT EIN THIN I 
CUE A TIN 
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RESPONSE (dB) 


FREQUENCY (MHz) 


Figure 6 
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Effect of Increasing Generator Impedance 


If the generator resistance Rg is increased to 1K ohm, the 
input time constant of the FET is increased. The bandwidth 
of the amplifier is now determined primarily by the input 
time constant which consists of generator impedance 
(Rg = 1K ohm) shunted by C;,, ( see Figure 7). 


Figure 7 


where 


Cin = (14 } cea (1- 


= (5.9 x 3.5) + (0.6 x 10) + 3. 
Cin = 30 pF 


8fsRp 


8fsks 
incaRe Cys + Strays 


1 + gpsRo 
(15) 
(16) 


where 


Cog = 3.5 pF 
Cy, = 10 pF 


The corresponding 3-dB frequency is given by: 


(19) 


yr alia barat) Ue (20) 
30x 10-12x 103 30 


f3 = 5.3 MHz (21) 
which agrees closely with the measured bandwidth as shown 
in Figure 6. 


Shunt-Peaked Common-Source Circuit 


The frequency response of the resistance-loaded common- 
source circuit may be significantly extended by shunt peak- 
ing at the gate and/or drain. Consider first the gate circuit. 
Here an inductor may be connected in shunt with the gate 
and set to such a value that it forms a tuned circuit with the 
FET input capacitance. The frequency of resonance is 
determined by: 


1 


f, = 
2mVLCin 


(22) 


where 


Cin = Ciss + Cstray * CMiller 


The response of an input signal of frequency f,, will then be 
boosted to an extent depending on the loaded Q of the 
tuned circuit; the loaded Q.in turn is dependent on the 
unloaded Q of inductor L, Rg and the FET input resistance. 


Next consider shunt peaking in the drain circuit. In Figure 
8 the inductor L is set to such a value that a low Q tuned 
circuit is formed; the resonating capacitance C is the parallel 
combination of Coq plus stray and load capacitances. For a 
flat response, the LC circuit is tuned to the 3-dB frequency 
of the resistance loaded circuit of Figure 5. (See Appendix.) 


Figure 8 
The required value of L is: 


Rp2c 


eS ak and for the circuit in Figure 8. 


= 0.78 vwH 
where 
Rp = 560 2 (26) 
(27) 
(28) 


C =Coq + Cstray + CVTVM PROBE 
C 212+1.34+25=5 pF 


Due to the low circuit Q (about 5), the value of L is 
not critical. 


The 3-dB bandwidth shown in Figure 9 now extends to 
67 MHz giving a gain bandwidth product of: 


67 x 4.2 = 281 MHz (29) 


20 [RESISTOR 
BYPASSED Rg = 502 


ease NUTINI | Ill 
bili ~ 
Mn 


VOLTAGE GAIN (dB) 


FREQUENCY (MHz) 


Figure 9 
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When Rg is bypassed by a 0.1 capacitor, the low frequency 
voltage gain is given simply by: 
Ay = 8fsRp 
= 15x 10-3 x 560 
= 8.4(18.5 dB) 


(30) 


(31) 
(32) 


The gain bandwidth product tends to remain constant 
whether Rg is bypassed or not and this effect is shown in 
Figure 9. 


Source-Follower Circuit 2 


A J300 is used in the FET source-follower circuit, Figure 
10, because of its low input capacitance and high gr, which 
remains high at the frequency range of interest. A source 
follower exhibits a high input impedance and low output 
impedance. The real part of the output impedance is the 
reciprocal of g¢, which is independent of frequency up ‘to 
about 600 MHz. The input capacitance is Coq t Ces (1 - Ay) 
which, in this case, is approximately 1.5 pF maximum. The 
input capacitance is also independent of frequency and 
independent of load when the load is larger than the output 
resistance Ro. 


Figure 10 


The frequency response is dependent mainly on the gener- 
ator internal impedance. For example, when Rg is increased 
to 1K ohm the bandwidth falls to 80 MHz. In this particular 
circuit, the low-frequency voltage gain is 0.94. 


The input resistance is proportional to 1/f2 as explained in 
the section, “Behavior of Input Resistance,” and at some 
high frequency will go negative, particularly if the source 
resistor is large. For example, with the circuit in Figure 10, 
the input resistance is high at 10 MHz but in the negative 
resistance region at 100 MHz. However, when Rg is 1000 
ohms, the input resistance is real at this frequency. 


The voltage gain of a source follower is given by: 


_ BRS 
AV "T+ eeRs 


Thus Ay is almost independent of Rg when Rg is large. 
Using typical values for the J300 (or 4 2N5912) in Figure 
10, the drain current is 3 mA, gg, is 5 mmho and Rg 4700 
ioe 


Ay = 0.96 


which is near the measured value of 0.94. Measured perfor- 
mance is shown in Figure 11. The output resistance of this 
source follower is given by: 


1 1 
Ro = Bfe SS nates = 200 2 
and in this circuit, R, was measured at 165 ohms. The 
source follower is a useful versatile circuit which may be 
used as an impedance converter, level shifter, buffer stage, 
Or as an input circuit to an op amp or feedback amplifier. 


Bi a TT 
MU A 
PUT TT TT —h | 
LUT | PMT TTT TK 


3dB FREQUENCY i 


VOLTAGE GAIN (dB)— 


Rg= 1K 2 


3.dB FREQUENCY | | nla 
Rg = 5092 


100 


FREQUENCY (MHz) 


Figure 11 


Cascode Circuit 

The cascode circuit has applications as a buffer amplifier for 
use with high stability oscillators or in low level power am- 
plifiers2 mainly due to its low reverse transfer character- 
istics. The advantages and considerations of this configura- 
tion, Figure 12, are similar to those listed for the common- 
source circuit. An extra advantage exists in the cascode 
circuit, namely the low input capacitance: 


Cin = Cys + (1 - Ay) Cag 
Cin = Ciss + Cga 


U257 op 2N5912 
DUAL DUAL 


Figure 12 


where Ay is the voltage gain from Q, gate to Q, drain 
which is essentially unity. Cj,, for the U257 dual FET is 
5 pF and Cg, is | pF, therefore 


Cin = 5 + 1 = 6 pF, excluding strays of 4 pF 


Thus Miller effect is minimized and a good gain bandwidth 
product is achieved. 
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Figure 13 shows cascode frequency response. The voltage 
gain at low frequency is 15 dB (x 5.6) and the bandwidth is 
24.5 MHz with a generator impedance of 50 ohms. Gain 
bandwidth product is 137 MHz. 


SOURCE 
‘earn Real 


Ti. Rg= 1K 2 SHIN 
Till veneee'h | N ll 


SOURCE TH. 
RESISTOR N 
UNBYPASSED 
NWN 
1 


FREQUENCY (MHz) 


VOLTAGE GAIN (dB) 


Figure 13 


FET and Bipolar Cascade 


The FET and bipolar transistor combination of Figure 14 
makes a good video amplifier because the FET input provides 
the voltage gain thus obtaining a superior gain bandwidth 
product. The feedback capacitor a-c couples the emitter to 
the drain. The a-c voltage at the gate is nearly equal to that 
at the source. This source voltage is d-c coupled to the base. 


Figure 14 


This produces an a-c voltage at the emitter whose amplitude 
is almost equal to that at the base. Thus at the FET, 

Ve = Vs = Vq and all three signals are in phase. In this way 
Miller effect capacitance is largely eliminated. 


The frequency response of this circuit is controlled by the 
output time constant if f, of the transistor is much greater 
than the amplifier bandwidth. In the circuit shown the a-c 
load is 2.5 pF. 


CONCLUSION 


The input resistance of a FET is inversely proportional to 
the frequency squared, while the input capacitance remains 
constant to at least 1000 MHz. 


Several video amplifier configurations are considered. The 
common-source circuit is considered first: in the example, 
the low frequency gain is 4.5 and the 30-dB bandwidih 
44 MHz (gain bandwidth 197 MHz). By shunt peaking in the 
drain circuit, gain bandwidth is increased to 260 MHz. The 
simple source-follower circuit gives a gain near unity with 
GBW almost 300 MHz and an output resistance of 1/g¢,. The 
cascode circuit features a low input capacitance and GBW 
of 137 MHz. The circuit featuring the best gain bandwidth 
is the FET and bipolar combination. A gain of 11 dB and 
bandwidth of 90 MHz is achieved. 


AU 1 10 10) 


FREQUENCY (MHz) 


VOLTAGE GAIN (dB) 


Figure 15 
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APPENDIX 


Selection of Video Amplifier Designs with 
Performance Summary 


Note. All output voltages measured with Boonton 91C VTVM. 


2N4416 


Common Source Stage 


+15 V 


120 1.5K 
120 1.5K 
120 1.5K 
120 1.5K 
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Common-Source Circuit 


+15 V 
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Shunt-Peaked Common-Source Stage 


2N4393 


+15 V 


G 
Bypassed 


2N4416 


+15 V 


1500 92 


Bypassed Gain 
(0.1 LF) 
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(%2N5911/12) 


G 
Bypassed 


J300 


+15V 


BW GBW 
MHz MHz 


Source-Follower Circuit 


3 Cin fe) 
Gain Stray pF Total pF Q 
50 0.92 CASPD 2.7 165 350 326 


1K 0.92 22 2.1 165 55 50 


N ote. Ro = Output resistance of the source follower. 
Derivation of Input Admittance Terms 
where 


Ry = Rgs 
R92 = Red 


Cy=Cy, (1) 
Cy=Cyq (2) 


Ry R2 
Cy C2 


al (2 


sC} sCp 


Meee et lnc a) J) beh ii a (3) 
Yin RC; s+ 1 ea Sakar 


- wC1C> (Ry + Ro) + (Cy + Cr) 


meer eek Bets i eo (4) 
(1 - w2RyRxC1C>) + (C]Ry + CoR9) 


Derivation of Shunt Peaking Formula 


The equivalent circuit of the drain load is shown in the Fig- 
ure below. The total impedance seen by the drain is given by: 


Ry 2 + 7ae1e 


L= 
(1 - w2LC)2 + w2C2R,; 2 


TO DRAIN 


Offset (Max) 
(Input to Output) mV 


U232 50 
1K 


The response below shows the “normal” 3-dB frequency 
without peaking — f,. It isnow required to raise the response 
at fy by 3 dB to achieve a maximally flat response. There- 
fore, under these conditions the total impedance seen by 
the drain at f; must equal the impedance seen by the drain 
at f,. Also at fy, Xc= Ry. Substituting for Xc in Equation 5: 


RESPONSE (dB) 


FREQUENCY 


Ry2 - 2wLRy + w2L2 + Rp 2=Ryp 2+ w2L2 
Ry 2 = 2wLRy 
Ry = 20k 


RL 


: ~ Aan fj 


and 
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For op amp applications requiring the best possible 
performance, consider a composite op amp that takes 
advantage of differing process technologies. A JFET dual 
can be combined with a Signetics NE5534 bipolar op amp 
for outstanding performance. Input bias current can be 
reduced, yet slew rate can be very high (20V/usec to 
40V/usec) and the circuit is unity-gain stable. Output 
swing is a minimum of +12V into a 600 ohm load when 
operating from +15V power supplies. This high output 


APPLICATION NOTE 


Composite Op Amp 
for High Performance 


capability combined with a JFET input stage makes this 
an excellent amplifier for high-speed integrators, SAMPLE/ 
HOLD circuits, peak detectors, and log amplifiers. 


The input portion of the circuit is shown in Figure 1. The 
NPN input stage of the NE5534 IC op amp is biased into 
cut-off. by connecting both inverting and non-inverting 
inputs to the negative rail. A JFET preamplifier input stage 


High Performance Op Amp Using The Siliconix 2N5912 


Rp-1.37K 


Re~1620 
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NE5534 


is then connected into the PNP second stage of the NE5534 
and the currents that formerly flowed through the NE5534 
NPN input pair are now diverted into the JFET input pair. 
Drain resistors Rp effectively parallel the collector resistors 
Rc from within the IC op amps and the JFET drain 
currents will then be the sum of the currents through RD 
and Rc. The voltage across the parallel combination of RD 
and RC is nominally 2.5V due to the internal biasing of the 
NE5534. Going directly into the second stage of the IC op 
amp rather than into the NE5534 NPN input stage has two 
distinct advantages: 


1. Frequency response is better in that the phase shift of 
the bipolar input stage is avoided. A high-current JFET 
input stage, such as the 2N5912 when operated in the 
ImA to 8mA drain current range, has excellent 
frequency response in comparison to an NPN stage 
operating in the 150uA to 200uA range. 


2. The operating level at the JFET drains is only 2.5V 
below the positive supply rail, therefore the common- 
mode input range for the JFET input stage can be 
relatively high. The combination of low input bias 
current with high frequency response is useful for 
SAMPLE/HOLD circuits, high-speed integrators, 
photo-multiplier tube amplifiers, and high-speed data 
conversion circuits. 


Although more expensive than a single monolithic op amp, 
the combination of a JFET preamp with a bipolar IC 
second stage can provide substantially better performance 
than any monolithic alternatives. 


A Siliconix 2N5912 JFET dual was chosen for the input 
stage in this example because of its high operating current 
range, high gain, and excellent frequency response. The 
saturation drain current Ipss has a specified range of 7mA 
to 40mA, but is typically 1OmA to 24mA. Gate source 
cutoff voltage VGS(off) is in the range of -1V to -5V witha 
typical value of approximately -2V to -4V. The 2N5912 
characterization curves indicate that any drain current 
from 1mA to 8mA will provide good performance, and 
2mA was chosen for this application. 


The current diverted from the bipolar input stage to the 
JFET input stage is nominally 180uA on each side; 
therefore a drain current on each side of 1.82mA is needed 
from the drain resistors Rp to make up a total drain 
current of 2.0mA. The drain resistor Rp therefore needs to 
be approximately 2.5V/1.82mA, or 1370 ohms on each 
side. 


Gain of the JFET input stage can now be calculated. From 
the 2N5912 characterization curves, forward transconduc- 
tance gfg will be in the range of 2.6mmhos to Smmhos for 
units having Ipss of 10mA to 24mA and when operated at 
a drain current of 2mA. The differential gain can be 
approximated by the product gfs Rp. Using a center value 
of 4.3mmhos and 1230 ohms, (Rp and RC in parallel), 
then the gain will be approximately 6.5, or 16dB. Total 
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amplifier gain was found to closely approximate the gain 
curve for a 5534 being operated alone. 


The cascode configuration using two input pairs as shown 
has several advantages. Most importantly, the input gate 
current is dramatically reduced due to the lower drain-to- 
gate voltage on the input pair. In the cascode configuration, 
the gate-to-source voltage on the upper pair will be the 
drain-to-source voltage of the input pair even with the 
common-mode input variations. All of the common-mode 
swing is taken up by variations in Vps of the upper pair. 
Gate leakage of the input pair is primarily dependent on 
drain-to-gate voltage VpG, which will be a constant 
—2VGs in this cascode configuration. Drain-to-gate voltage 
on the input pair will be low, typically in the 3V to 6V range, 
which is well below the “IG breakpoint”. From the 
characterization curves on the 2N5912, gate current leakage 
will be under 2pA for drain-to-gate voltages under 6V. The 
cascode configuration is very effective in reducing input 
bias current for JFET input stages. Another advantage of 
the cascode configuration is a reduction of input capacitance. 
The input pair drains are “bootstrapped” to the common source 
point and both must follow the gate voltage. The effective 
capacitance from gate-to-drain and from gate-to-source is 
reduced. In addition, output conductance is reduced by the 
cascode configuration which also helps CMR. Adding the 
second JFET pair significantly improves both input bias 
current and common-mode rejection without degrading 
other parameters. 


The constant current source consisting of Q3 and Q4 
primarily improves common-mode rejection and rejection 
of power supply variation. It also establishes the nominal 
operating voltage at the input (pins | and 8) of the 5534 op 
amp. The current will be a constant VBE/RE independent 
of fluctuations in power supply voltage or input voltage 
level. This current source has very high impedance, therefore 
common-mode inputs are heavily attenuated. 


Common-mode-rejection-ratio (CMRR) is very high due 
to the use of a constant current source, but can be further 
improved by matching of drain resistance. The parallel 
combination of Rp and R¢ is the effective drain resistance 
for this design. The transconductance ratio between the two 
sides of the input pair also directly affects CMRR. The 
drain resistors should be well-matched to minimize the 
CMRR adjustment range since it also affects offset and 
drift. 


Each 1% mismatch in drain resistance will cause approxi- 
mately 11V/°C of input offset voltage drift. CMRR can 
be readily trimmed to over 100dB. CMRR vs. frequency is 
excellent due to the use of the 2N5912, a wide-bandwidth 
FET, in a cascode configuration. 


A high performance op amp should also have good output 
characteristics, low noise, and high slew rate. The NE5534 
op amp is rated for +14V mimimum output swing into a 
600 ohm load when operating from +15V power supplies. 
Output resistance is typically 0.3 ohms. The Siliconix 
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2N5912 characterization curves show a typical equivalent 
input noise voltage of only 10nV/ JV Hzat 10Hz. There is 
also a component of noise from the second stage, but its 
effect is divided by the input stage gain and its contribution 
is small. Input current noise of this composite op amp is 
very low due to the typical operating level of 1pA input bias 
current. For slew rate, this circuit is capable of 50V/ usec 
when going negative. Positive slew rate is S50V/sec 
without use of a compensation capacitor, but drops to 
25V/ sec with a 20pF compensation capacitor. Compensa- 
tion capacitance will generally be needed only when driving 
capacitive loads. Even the lower value of slew rate, 
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25V / usec, corresponds to a full-power (+10V) frequency 
of 400K Hz. 


While the vast majority of op amp applications can be 
satisfied through use of conventional IC op amps, there are 
applications in high-performance instrumentation systems 
that require superior performance. This composite op amp, 
which makes use of precision dual JFET input pairs and a 
high performance IC op amp, provides a unique combina- 
tion of Jow input bias current, high CMR, low noise, 
excellent frequency response, and high output swing. 
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INTRODUCTION 


When high-performance, high-frequency junction field-effect 
transistors (JFETs) are used in the design of active balanced 
mixers, the resulting FET mixer circuit demonstrates clearly 
superior characteristics when compared to its popular passive 
counterpart employing hot-carrier diodes. Comparison of 
several types of mixers is made in Table I. The advantages 
and disadvantages of semiconductor devices currently used 
in various mixer circuits are shown in Table IT. 


Why an Active Mixer? 


Active mixing suggests high-level mixing capability. High 
level mixing in turn infers that active mixers outperform 
passive mixer circuits in terms of wide dynamic range and 
large-signal handling capability. Additionally, the active mix- 
er offers improved conversion efficiency over the passive 
mixer, permitting relaxation of the IF amplifier gain require- 
ments and even possible elimination of the customary RF 
amplifier front end. 


Table | 


MIXER TYPE 


APPLICATION NOTE 


FETsin 
Balanced Mixers 


Ed Oxner 


Initial evaluation of the active FET mixer will imply a dis- 
advantage because of local oscillator drive requirements; 
bipolar devices in low-level mixers require very little drive 
power. However, in high-level mixing this disadvantage is 
overcome in that drive requirements at such mixing levels 
are generally the same, no matter whether bipolar or FET 
devices are used. 


Why FETs for Balanced Mixers? 


The performance priorities of modern communication sys- 
tems have stringent requirements for wide dynamic range, 
suppression of intermodulation products, and the effects of 
cross-modulation. All of the foregoing parameters must be 
considered before noise figure and gain are taken into 
account. 


Since FETs have inherent transfer characteristics approxi- 


mating a square-law response, their third-order intermodula- 
tion distortion products are generally much smaller than 


Table 1! 


DEVICE ADVANTAGES DISADVANTAGES 


Characteristic 


Bandwidth 


Single Double 
-E 


Several 
decades 
possible 


Relative IM 
Density 


Interport 
Isolation 


Relative 
L.O. Power 


Little 


10-20 dB >30 dB 


Bipolar 
Transistor 


Dual-Gate 
MOS FET 
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Low Noise Figure 
High Gain 
Low D.C. Power 


Low Noise Figure 
High Power Handling 
High Burn-out Level 


Low Noise Figure 
Conversion Gain 
Excellent IM products 
Square Law Characteristic 
Excellent Overload 

High Burn-out Level 


Low IM Distortion 
AGC 
Square Law Characteristic 


High IM 
Easy Overload 
Subject to Burnout 


High L.O. Drive 
Interface to |.F. 
Conversion Loss 


Optimum Conversion Gain not 
possible at Optimum Square 
Law Response Level 

High L.O. Power 


High Noise Figure 
Poor Burnout Level 
Unstable 
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those of bipolar transistors. Harmonic distortion and cross- 
modulation effects are third-order-dependent, and thus are 
greatly reduced when FETs are used in active balanced 
mixers. 


A secondary advantage derives from available conversion 
gain, so that the FET mixer becomes simultaneously equiv- 
alent to both a demodulator and a preamplifier. 


First Order Balanced Mixer Theory 


Essential details of balanced mixer operation, including sig- 
nal conversion and local oscillator noise rejection, are best 
illustrated by signal flow vector diagrams (Figure 1). 


SIGNAL 
CONVERSION 


t 


NOISE 
REJECTION 


Signal and Noise Vectors 
Figure 1 


Energy conversion into the intermediate frequency (IF) pass- 
band is the major concern in mixer operation. In the follow- 
ing analysis, both the signal and noise vectors are shown 
progressing (rotating) at the IF rate (Wirt); the resulting 
wave occurs through vector addition. 


The analysis of local oscillator noise rejection (Figure 1) 
assumes, for simplicity of explanation, that noise is coherent. 
Thus at some point in time (t,) the noise component (e,) 
is “in phase” with the local oscillator vector (e})) and FET 
“A” (the rectifying element) is ON; the JFET mixer acts as 
a switch, with the local oscillator acting as the switch drive 
signal. One-half cycle later, at time ty, the signal flow is 
reversed for both the local oscillator vector and the noise 
component, FET “A” is OFF and FET “B” is ON. Moving 


ahead an additional one-half of the IF cycle, FET “A” is 
again ON, but the noise component has advanced 180° 
(Wirt) through the coupling structure, and is now “out of 
phase”’. The process continually repeats itself. 


The end result of this averaging (detection) is the cancella- 
tion of the noise which originated in the local oscillator, 
providing that the mixer balance is precise, (1) 


The analysis of the conversion of the signal to the IF pass- 
band is similar, but the signal is injected into the coupling 
structure at the equipotential tap. Thus at time t, the signal 
vector (e,) is “out of phase” with the local oscillator vector, 
Cio: The resulting envelope develops a cyclic progression at 
the IF rate, since the signal is “demodulated” by the mixing 
action of the FETs. 


A schematic of a prototype balanced mixer is shown in 
Figure 2. Design criteria, in order of priority, include the 
following: 


(1) Intermodulation and Cross-Modulation 
(2) Conversion Gain 

(3) Noise Figure 

(4) Selecting the Proper FET 

(S) Local Oscillator Injection 


(6) Designing the Input Transformer 
(7) 


Designing the IF Network 


Intermodulation and Cross-Modulation 


A basic aim in mixer design is to avoid the effects of inter- | 
modulation product distortion and crossmodulation. Part 
of the problem may be resolved by using a balanced mixer 
circuit. 


The active transfer function of the FET is represented by a 
voltage-controlled current source. For both crossmodula- 
tion and intermodulation, the amount of distortion is pro- 
portional to the amplitude of the gate-source voltage. Since 
input power is proportional to input voltage, and inversely 
proportional to input impedance, the best FET IM and 
cross-modulation performance is obtained in the common- 
gate configuration where the impedance is lowest.(2) 


When JFETs are used as active mixer elements, it is impor- 
tant that the devices be operated in their square-law region. 
Operation in the FET square-law region will occur with the 
device in the depletion mode. Considerable distortion will. 
result if the FET is operated in the enhancement mode 
(positive, for an N-channel FET); by analogy, the problems 
encountered are similar to those which arise when positive 
drive is placed on the grid of a vacuum tube. 


Square-law region operation emphasizes the importance of 
establishing proper drive levels for both quiescent bias and 
the local oscillator. The maximum conversion transconduc- 
tance, g,, is achieved at about 80% of the FET gate cutoff 
voltage, VGg(off), and amounts to about 25% of the forward 
transconductance, gr., of the FET when used as an amplifier. 


IF 

OUTPUT 
Cy, Co — .01 ufd 
Cz, C4 — 1- 10 pF 
C3 — 1000 pF 
Cg, Cg — 30 pF 
C7, Co — 68 pF 
Ci9 «3—0.1uF 
Ea, Eo ale oraitay: 
Q4, Qg— U310 (2) or U430 
Us) — RELCOM BT-9 


Prototype Active Balanced Mixer 


Figure 2 


Since conversion gain (or loss) must be considered, it is 
common to equate voltage gain A,, as: 


Ay = g¢Ry, (1) 


where g, is the conversion transconductance and Ry is the 
FET drain load. 


An attempt to achieve maximum conversion gain by indis- 
criminately increasing the drain load resistance will adversely 
affect any design priority concerning distortion — particular- 
ly intermodulation product distortion. 


Distortion takes different forms in mixers. Most obvious is 
that distortion which will occur if the FET is driven into 
the enhancement mode, as noted earlier. A more pernicious 
form is drain load distortion. And finally, there is the so- 
called “‘varactor effect.” 


The most frequent cause of poor mixer performance stems 
from signal overloading in the drain circuit. Excessive drain 
load impedance degrades the intermodulation characteristics 
and produces unwanted crossmodulation signals.(3) A char- 
acteristic of the FET balanced mixer is that the correct 
drain load impedance is inversely proportional to the value 
of the conversion transconductance. Figure 3 shows the 
improvement in IM characteristics obtained in the prototype 
mixer with the drain load impedance reduced to 1700 22 
from 5000 2. Specifically, the dynamic load line must be 
plotted so that the signal peaks of the instantaneous peak-to- 
peak output voltage are not permitted to enter into the non- 
saturated (“‘triode’’) region of the FET. Suitable and unsuit- 
able drain load lines are shown in Figure 4. Load impedance 
selection is quantified in Equations 18 through 20. 


Distortion from the “‘varactor effect” is of secondary impor- 
tance, and arises from an excessive peak voltage signal 
swing, where the changing drain-to-source voltage can cause 
a change in parasitic capacitance, C,.., and give rise to har- 
monics.{4) A FET tends to be voltage-dependent when the 
drain voltage falls appreciably below 6 volts. If the source 
voltage (from the power supply) is also low and the drain 


load impedance is high, then distortion will develop. How- 
ever, if proper steps are taken to prevent drain load distor- 
tion, the varactor effect will also be inhibited. 


\ 


SOURCE INJECTED MIXER (L.O. & SIGNAL) 
FREQ LO = 120 MHz; POWER LO: +17 dBm 
FREQ SIG = 150 MHz 
\ DRAIN IMPEDANCE: 1700 ohms 
5000 ohms 


INTERCEPT (aN 
POINT 


S.S.B. NOISE FIGURE — dB 
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Comparison of Mixer IM Characteristics 
Figure 3 


TRIODE 


REGION |“ SATURATED REGION ——_— 


Vps 


Plotting Drain Load Lines 
Figure 4 
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Conversion Gain Figure S shows plots of normalized conversion trans- 
conductance, g./g¢, versus normalized quiescent bias, Vocs/ 
VGs(oft), for different oscillator injections. 


In a FET, forward transconductance is defined as(5) 


dIp 
Sfs= qv (2) 
fs dVegs 
28 
| Locus oF 
and conversion transconductance is defined as(®) on 
Yy—VLOF 0.8 VGEsioff) 
Vv 
dID(wi) (3) 20 Vion oeeeit 
Bray, viehe 
Cc dV 5 (cor) q 4 GS(off) 
x 


where wi = the intermediate frequency and wr = the signal 
frequency. 


The effects of time-varying local oscillator voltage, V7, and 
the much smaller signal voltage, V;, must be considered: 


Vgs = Vy cos wyttV> cos wt (4) 0 0.2 04 06 08 10 1.2 14 16 1.8 2.0 


VGo/Vas(off) 


For square law operation(7) 
, ; Normalized g¢/g¢ vs. VGs/VGs(off) 


Vo + VcGs < VGS(off) (5) (from “FET RF Mixer Design Technique”, S.P. Kwok, 
WESCON Convention Record (1970) 8/1, p.2.) 
Drain current is approximately defined by (8) Figure 5 
2 
VGs 
Ip =Ipss f - orl (6) 
(9) GS(off) Noise Figure 


or 


5 Like the common-gate FET amplifier, the common-gate FET 
__ &fso VGS(off) rc Vos , balanced mixer is sensitive to generator resistance, R,.{! 1) 
Ip ~ as V (7) A change of a decade in R, can produce a noise figure varia- 
GS(off) g 
tion of as much as 3 dB. 


ie 8fso V eee |2 (8) In the design of the prototype FET active balanced mixer, 

D 2VGS(off) GS(off) | the generator resistance of the FETs is established by the 
(10) hybrid coupling transformer. Two important criteria for the 
then FETs in the circuit are high forward transconductance, and 
Bfso a value of power-match source admittance, Bigs, Which close- 

ID Sivan (complex Taylor expansion) (9) ly matches the output admittance of the coupling trans- 
GS(off) former. In the common-gate configuration, match points for 

which can be reduced to optimum power gain and noise do not occur at the same 


value of generator resistance (Figure 6). Optimum noise 
1 V2 cos (1 - w)t (10) match can only be achieved at the sacrifice of bandwidth. 


I Le lges SO eas V 
DUF) ™ 2VGs(off) 


and the conversion transductance is 


3 dB POWER GAIN 


var Sis0 
&c 


Sree el 11 

2VGS(off) 2 ~ 
Equation 11 suggests that g. increases without limit as V> 
increases without limit. However, to avoid operation of the 
FET in the “triode” region, the peak-to-peak swing of Vo 
should not exceed VGS(off): 


Thus 


POWER GAIN AND NOISE MATCH (dB) 


2 V7 peak < VGS(off) (12) 


GENERATOR RESISTANCE (Q) 


or 


V> peak < VGS off) (13) Power Gain and Noise Matching 
2 Figure 6 
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How to Select the Proper FET 


Conversion efficiency is determined by conversion trans- 
conductance, g., which in turn is directly related to such 
FET parameters are zero-bias saturation current, Ipgg, and 
the gate cutoff voltage, VGgoff): 


IDss 


” Ves(off) ae 


Bc 2 IVI 


8fso 


a 2VGS(off) ey 


Equation 15 appears to indicate that FETs with high Ingg 
are to be preferred. However, Ings and Vgg off) are related, 
and Figures 7A and 7B show that devices from a family 
selected for high Ipgg do not provide high conversion trans- 
conductance, but actually produce a lower value of g,. 


5 


Vesioff) (VY) 


710 


Ipss (mA) 


a. 


IDss 
(Ves(ott)) 2 


10 


Ipss (mA) 
b. 


Relationship of Ipss and VGs(off) 
Figure 7 


Best mixer performance is achieved with “‘matched pairs” 
of JFETs. Basic considerations in selecting FETs for this 
application are gate cutoff voltage, VGS(off) for good con- 
version transconductance, and zero-bias saturation current, 
Ipss> for dynamic range. A match to 10% is generally ade- 
quate. Among currently available devices, the Siliconix 
U310 and the dual U431 offer excellent performance in 
ooth categories, common-gate forward transconductance is 
20,000 ymhos max at Vpg = 10 V, Ip = 10 mA, and 
f = 1 kHz. 


There is, of course, the possibility that FET cost is a major 
consideration in evaluating the active balanced mixer ap- 
proach — the familiar price/performance tradeoff. If this is 
the case, there are a number of other Siliconix FETs which 
will provide suitable alternatives to the U310. Remember, 
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however, that conversion transconductance, g., can never 
be more than 25% of forward transconductance. Thus as 
tradeoff considerations begin, the first sacrifice to be made 
will be the degree of achievable conversion gain. Intermod- 
ulation performance will follow with the third tradeoff being 
available noise figure. Table III lists a number of possible 
alternatives to the U310. 


Table III 


DEVICE TYPE 


Typical 


*Similar devices are also available in plastic packages: 


U310 (J310) 
2N4416 (2N5486, J304-18) 


Local Oscillator Injection 


Low IM distortion products and noise figure, plus best 
conversion gain, will be achieved if the voltage swing of the 
local oscillator across the gate-to-source junction is held to 
the values presented in Figure 5. Vj ¢ is expressed in terms 
of peak-to-peak voltage, while Vos(oft) is a d.c. voltage. 


Local oscillator injection can be made either through a brute- 
force drive into the JFET source through the hybrid input 
transformer, or through a direct-coupled circuit to the JFET 
gates where less drive will be required for the desired voltage 
swing, Two circuits to obtain direct gate coupling are sug- 
gested in Figure 8. 


GATES TIED IN PARALLEL 
L2 RESONATES WITH Cg 


GATES DRIVEN PUSH-PULL 
SOURCES TIED TOGETHER 


b. 


Alternate Forms of L.O. Injection 


Figure 8 
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The source-injection method is used in the design of the 
present mixer to maintain the inherent stability of a com- 
mon-gate circuit. A minor disadvantage with the direct- 
drive method is that the required gate-to-source voltage 
swing requires considerable local oscillator input power. 
For source injection through the transformer. best mixer 
performance is obtained with a local oscillator drive level of 
+12 to +17 dBm across a 50-ohm load. 


Conversely, direct coupling to the FET gates occurs at a 
higher impedance level and less local oscillator drive power 
is required. The functional tradeoff resulting when the gates 
are tied together is that shunt susceptance requires some 
form of conjugate matching, and thus brings about an un- 
desirable reduction of instantaneous mixer bandwidth. 


Designing the Input Transformer 


Five criteria are important to the design of the hybrid input 
coupling transformer for best mixer performance. The impe- 
dance transformer must 


(1) 


Consist of four single-ended terminals, for the local 
oscillator, the input signal and FETs A and B 


Offer a match between either input to a symmetri- 
cal balanced load 


Provide as much isolation as possible between the 
signal and local oscillator ports (Figure 9) 


Maintain a differential phase of 180° across the 
symmetrical balanced loads 


Introduce the least possible amount of loss 


balk 


4-Port Hybrid with Phase and Isolation 
Figure 9 


A transformer using ferrite cores and meeting these five 
requirements is derived from elementary transmission-line 
theory (Figure 10). Transmission line transformers have a 
low-frequency cutoff determined by the falloff of primary 
reactance as frequency is decreased. This reactance is deter- 
mined by the series inductance of the transmission line con- 
ductors. On the other hand, high-frequency performance is 
enhanced by minimizing the physical length of the trans- 
mission line. Minimizing overall line length while maintain- 
ing suitable reactance can be accomplished by using a 
high-permeability core material such as a ferrite.(12) The 
transformer constructed for the balanced FET mixer closely 
resembles the balanced 4-port unsymmetrical 180° hybrid 
device described by Ruthroff.(13) 


Hybrid Input Coupling Transformer 


Figure 10 
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Although Ruthroff does not discuss the method of deter- 
mining the winding length of bifilar wire, a solution is offered 
by Pitzalis.(!4) The Pitzalis definitions for wire length are 
as follows (Figure 11): 


max length = pout 


upper 


(inches) (16) 


20 Ry ; 
min length = (inches) 


i (1 + w/o) flower aD 


where R; = the load impedance, u/u, = the relative 
permeability of the ferrite at the lower frequency, and n= 
a fractional wavelength determined by the amount of allow- 
able phase error. 


Selection of the ferrite core material is determined mainly 
by performance requirements. A prime consideration for 
wideband performance is the temperature coefficient of the 
ferrite, which must have a low loss tangent over the required 
temperature range, i.e., high Q. 


In addition, an important design factor involves the relative 
permeability of the core, since inductance of a conductor is 
proportional to the permeability of the surrounding me- 
dium.(15) 4 high permeability material placed close to the 
transmission line conductors acts upon the external fringe 
field present, appreciably magnifying the inductance and 
providing a lower cutoff frequency. Power transferred 
from input to output is coupled directly through the di- 
electric medium separating the transmission line condcutors; 
thus a relatively small cross-section of ferrite material can 
Operate in an unsaturated state at impressively high power 
levels. For the FET balanced mixer, ferrite core material 
with a permeability of 40 provides satisfactory operation 
from 50 to 250 MHz. Figure 11 also demonstrates that a 
lower transmission line impedance, Z,, is to be preferred 
over a higher Z,. Both 50-ohm and 100-ohm transmission 
lines are required for the mixer transformer; twisted pairs 
will provide satisfactory results. A characteristic impedance 
of 45 {2 is obtained from 3 turns-per-inch of Belden 
No. 24 AWG enamel wire, while 3% turns-per-inch of No. 
24 (7X32) Belden plastic covered wire provide Z, = 100 
ohms. Each core is wound with 2 inches of the proper 
twisted pair, with min/max lengths calculated from Pitzalis’ 
data (Formulae 16, 17). 


As with all broadband transformers, the coil has an inherent 
parasitic inductance which must be capacitor-compensated 
(Cy, C4, Figure 2).16) A trim capacitor is required at the 
two input terminals, and is adjusted only once to optimize 
the differential phase shift across the symmetrical balanced 
FETs. Phase match of the hybrid structure may be tracked 
to within +2 degrees (about 180°) to 250 MHz. Effective 
resistance transformation is useful from 50 to 550 MHz 
(Figure 12) — but phase track beyond 250 MHz may show 
too much deterioration. 
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Zo =2Zo OPTIMUM 


29 = Zo OPTIMUM 


1 
29> > Zo OPTIMUM 


.02 


.06 


10 aoe 


LENGTH OF WIRE A (n) 


b. 


Toroid Coil Winding Data 
Figure 11 


Designing the IF Network 


The IF network performs two important functions in the 
FET balanced mixer circuit. It provides for optimum match 
between the FETs and the IF amplifier, and it effectively 
bypasses the circuit RF components (signal and local 
oscillator). 


In network design, it is essential that the RF and local oscil- 
lator signals be sufficiently isolated from the intermediate 
frequency signal to maintain rejection levels of at least 
20 dB. If this isolation is not maintained, conversion gain 
and noise figure are degraded. 


The simplest technique for design of the IF network is to 
use the well-known pi (7) match structure from each FET 
drain to a common balanced output transformer net- 
work.(17) This pi match technique is especially suitable for 
a narrow-band intermediate frequency output, serving three 
useful functions. First, it serves to achieve the proper drain 
load match between the FETs and the IF structure. Second, 
it provides the very necessary isolation of the intermediate 
frequency signal. And third, it serves as a simple filter to 
provide a monotonic decrease in impedance as frequency 
departs from the IF center frequency, fo 18, 19) This third 
function, shown in Figure 13, prevents the drain load impe- 
dance from skyrocketing out of control and giving rise to 
distortion products. 


Selection of the dynamic drain impedance value in the IF 
network is a critical point in design of the structure. Inter- 
modulation product distortion and crossmodulation will be 
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CENTER 
‘ | 


SOS 
oe ace 
SORE 


502 — 2002 Balun 
Figure 12 


both affected by the instantaneous peak-to-peak output 
voltage of the FETs, if the value of the dynamic drain impe- 
dance allows these signal peaks to enter either the pinch-off 
voltage or breakdown voltage regions of the transistors.(29) 
If the impedance is too high, the dynamic range of the mixer 
will be severely limited; if the impedance is too low, useful 
conversion gain will be sacrificed. 


A first-order approximation to establish the proper load 
impedance may be obtained when 


_ YDD~ 2 VGs(off) 
iq 


RL (18) 


Spe eran | 
VGS(off) 


iq =Ipss f 


and 


Vos = VcGs qF Vi sin wy t 
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For the U310 FET, the optimum drain load impedance is 
established at slightly less than 2000 ohms, with sufficient 
local oscillator drive and gate bias determined from the con- 
version transconductance curve in Figure 5. 


The output IF coupling structure is an 800-ohm CT to 50- 
ohm trifilar-wound transformer (Relcom BT-9 or equivalent). 
The pi (7) match into this transformer provided a dynamic 
drain load impedance of 1700 ohms on each FET; excellent 


t 


DISTORTION REGION 
UNCONTROLLABLE 


7X MONOTONIC 


py rr , 


Pi (7) Match Filter Function 
Figure 13 


IM performance was obtained. Value of operating Q was 
established at 10 as the best compromise to insure that the 
tolerance of the pi match components would permit the IF 
output to peak within the allowable bandwidth at the asso- 
ciated IF amplifier. A Q of more than 10 would result in a 
greatly restricted bandwidth, while a Q of less than 10 would 
result in excessively high capacitance, excessively low induc- 
tance, and unsatisfactory filter performance. 


Mixer Performance 


Tests of the operational prototype FET balanced mixer 
demonstrated that the active mixer has several characteris- 
tics superior to those of passive mixer counterparts. These 
comparisons are made in Table IV (measurements of all 
three mixers were made under laboratory conditions). 


Insertion loss measurements on the IF network amounted to 
3 dB in the center of the passband, while insertion loss on 
the hybrid assembly measured 1.2 dB. The network exhibited 
a Q of 10. Gain and ncise figures were measured over the 
full 50-250 MHz bandwidth, with a single-sideband noise 
figure ranging from 7.2 dB at 50 MHz to 8.6 dB at 250 
MHz. Conversion gain was a flat +2.5 dB. 


Two-tone third-order intermodulation is expressed in terms 
of the intercept point.(21) With two signals 300 kHz apart, 


the balanced mixer suppressed third-order products -89 dB 
with both signals at -10 dBm, representing an intercept 
point of +32 dBm. 


Table IV 


50-250 MHz Mixer Performance Comparison 


Intermodulation Intercept Point | +32 dBm |+28 dBm | +12 dBmt 
Dynamic Range 100 dB 100 dB 80 dBt 
signal when the desired signal 


+8.5dBm]| +3dBm | +1 dBmt 
first experiences compression) 


6548 | 6.048 


*Conservative minimum 


Desensitization Level 


(the level for an unwanted 


Single-sideband Noise Figure @ 
50 MHz 


Tt Estimated 


Figure 14 shows a comparison of third-order IM products 
emanating from both the JFET balanced mixer and a typi- 
cal low-level double-balanced diode mixer, under similar 
Operating conditions. Noise figure and intercept point are 
shown at various bias and local oscillator drive levels in 
Figure 15. 


The performance of the active mixer is clearly superior to 
that of the diode mixers, contributing overall system gain 
in areas critical to telecommunications practice, and reducing 
associated amplifier requirements. 


Comparison of 3rd Order IM Products 
Figure 14 
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MEASURED PERFORMANCE SOURCE — INJECTED MIXER 
L.O. POWER +17 dBm AND +22 dBm 
DRAIN LOAD IMPEDANCE 170022, 500022 


m 12 INTERCEPT i: & 
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VGs 


Noise Figure and Intercept Point Performance 
Figure 15 
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Siliconix 


APPLICATION NOTE 
FETs As 


Voltage-Controlled Resistors 


INTRODUCTION 


The Nature of VCRs 


A voltage-controlled resistor (VCR) may be defined as a 
three-terminal variable resistor where the resistance value 
between two of the terminals is controlled by a voltage 
potential applied to the third. 


A junction field-effect transistor (JFET) may be defined as 
a field-controlled majority carrier device where the conduc- 
tance in the channel between the source and the drain is 
modulated by a transverse electric field. The field is con- 
trolled by a combination of gate-source bias voltage, Vcs, 
and the net drain-source voltage, Vpg. 


Under certain operating conditions, the resistance of the 
drain-source channel is a function of the gate-source voltage 
alone and the JFET will behave as an almost pure ohmic 
resistor.(1) Maximum drain-source current, Ipgs, and mini- 
mum resistance, 'DS(on)> will exist when the gate-source 
voltage is equal to zero volts(VGg =0). If the gate voltage is 
increased (negatively for N-Channel JFETs and positively 
for P-Channel) the resistance will also increase. When the 
drain current is reduced to a point where the FET is no 
longer conductive, the maximum resistance is reached. The 
voltage at this point is referred to as the pinchoff or cutoff 
voltage and is symbolized by Vgg = VGS(off): Thus the 
device functions as a voltage-controlled resistor. 


Figure 1 details typical operating characteristics of an N- 
Channel JFET. Most amplification or switching operations 
of FETs occur in the constant-current (saturated) region, 
shown as Region II. A close inspection of Region I (the un- 
saturated or pre-pinchoff area) reveals that the effective 
slope indicative of conductance across the channel from 
drain to source is different for each value of gate-source bias 
voltage.(2) The slope is relatively constant over a range of 
applied drain voltages, so long as the gate voltage is also 
constant and the drain voltage is low. 
Vos" Vago Vesior)—e LO°US CURVE 


REGION \__+}1__recton oe 
ae 


Yes7e 


SATURATION 
REGION 


Ip (mA) 


Ves <0 


Ves —e VGSloff) 
Vp 


Vps (V) 


Typical N-Channel JFET Operating Characteristics 
Figure 1 
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Resistance Properties of FETs 


The unique resistance-controlling properties of FETs can be 
deduced from Figure 2, which is an expanded-scale plot of 
the encircled area in the lower left-hand corner of Figure 1. 
The output characteristics all pass through the origin, near 
which they become almost straight lines so that the incre- 
mental value of channel resistance, rq., is essentially the same 
as that of d.c. resistance, rpg, and is a function of Vos.) 


Figure 2 shows extension of the operating characteristics 
into the third quadrant for a typical N-Channel JFET. While 
such devices are normally operated with a positive drain- 
source voltage, small negative values of Vpg are possible. 
This is because the gate-channel PN junction must be slightly 
forward-biased before any significant amount of gate current 
flows. The slope of the Vg bias line is equal to Alp/AVps = 
1/tpg. This value is controlled by the amount of voltage 
applied to the gate. Minimum rpg, usually expressed as 
DS(on)» Occurs at Vos = 0 and is dictated by the geometry 
of the FET. A device with a channel of small cross-sectional 
area will exhibit a high DS(on) and a low Ings. Thus a FET 
with High Ipgg should be chosen where design requirements 
indicate the need for a low DS(on): 


N-Channel JFET Output Characteristic Enlarged Around Vps = 0 
Figure 2 


Figure 3 extends the rg, characteristics of a FET to a com- 
parison with the performance of 4 fixed resistors. Note the 
pronounced similarity between the two types of devices. 


Vos = 0 


N-channel FET 


Typical rpg curves for several Siliconix N-channel JFETs 
are plotted in Figure 4.(4) The graphs are useful in estimating 
Ips values at any given value of Vcg. All quantities given in 
Figure 4 are for typical units, so some variation should be 
expected for the full range of production devices. It is there- 
for deisrable to convert Figure 4 to a normalized plot. This 
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'gs — INCREMENTAL DRAIN-SOURCE RESISTANCE (ohms) 


Vgs — GATE-SOURCE VOLTAGE (V) 


Incremental Drain-Source Resistance for Typical N-Channel FETs 
Figure 4 


has been done in Figure 5. The resistance is normalized to 
its specific value at VGg = 0 V. The dynamic range of IDs 
is shown as greater than 100:1, although for best control of 
rpg a range of 10:1 is normally used. 


Siliconix offers a family of FETs specifically intended for 
use as voltage-controlled resistors. The devices are available 
in both N-Channel and P-Channel configurations (Figures 6A 
and 6B) and have 'pS(on) Values ranging from 20 Q to 
4,000 Q (Figure 7). 


Four Fixed Resistors 


Comparison of FET and Resistor Characteristics 
Figure 3 
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rds(on) (Drain-Source Resistance at Vps = Vgs = 9) 
Varies as an Inverse Function of VGs(off) 
Figure 7 


Applications for VCRs 


applications requiring high reliability, minimum component 
size, and circuit simplicity. The FET VCR will conveniently 
replace numerous elements of conventional resistance con- 
trol systems, such as servomotors, potentiometers, idler pul- 
leys, and associated linkage. FET power consumption is 
minimal, packages are very small, and cost comparisons with 
conventional control schemes are most favorable. 


A simple application of a FET VCR is shown in Figure 8, 
the circuit for a voltage divider attenuator.(5) 


The FET is ideal for use as a voltage-controlled resistor in, 


(a) N-channel FET 


(b) P-channel FET 


Circuit Arrangement for Both an N and P Channel FET 
Figure 6 


Simple Attenuator Circuit 
Figure 8 


The output voltage is 


YOUT = R+ tp (1) 


It is assumed that the output voltage is not so large as to 
push the VCR out of the linear resistance region, and that 
the rpg is not shunted by the load. 


The lowest value which VOUT Can assume is 


b Vin 'DS(on) 
YOUT(min) ~ R + 'DS(on) (2) 
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The highest value is 


YOUT(max) * Yin (3) 


since rpg can be extremeley large. 


A number of other FET VCR applications are shown in 
Figures 9-16. 


Voltage-Tuned Filter Octave Range with Lowest Frequency at JFET 
VGS(off) and Tuned by R32. Upper Frequency is Controlled by R4 
Figure 9 


Electronic Gain Control 
Figure 10 


Cascaded VCR Attenuator 
Figure 11 


Wide Dynamic Range AGC Circuit. No Gain through FET with 
Distortion Proportional to Input Signal Level 
Figure 12 


VCR Phase Advance Circuit 
Figure 13 


VCR Phase Retard Circuit 
Figure 14 


-EHT 
VOLTAGE 


P-Channel VCR Photomultiplier Load. Required Low Photomulti- 
plier Anode Current (Usually < 1 4A) Implies that VCR will Always 
Perform in Linear Region Near Origin 
Figure 15 


Voltage Controlled Variable Gain Amplifier. The Tee Attenuator 
Provides for Optimum Dynamic Linear Range Attenuation 
Figure 16 
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Signal Distortion: Causes 


Figure 17A repeats the FET output characteristic curves of 
Figure 2, to show that the bias lines bend down as Vpg 
increases in a positive direction toward the pinch-off voltage 
of the FET. The bending of the bias lines results in a change 
in rpg, and hence the distortion encountered in VCR circuits; 
note that the distortion occurs in both the first and third 
quadrants. Distortion results because the channel depletion 
layer increases as Vpg reduces the drain current, so that a 
pinch-off condition is reached when Vpg = Vcg - VGs(off): 
Figure 17B shows how the current has an opposite effect 


Vos = 0 


N-Channel JFET Output Characteristic Enlarged Around Vps = 0 
Figure 17A 


DIODE 
CATHODE 

WHEN SIGNAL 
SWINGS NEGATIVE 


Vout 


Figure 17B 


in the third quadrant, rising negatively with an increasingly 
negative Vpg. This is due to the forward conduction of the 
gate-to-channel junction when the drain signal exceeds the 
negative gate bias voltage. 


Reducing Signal Distortion 


The majority of VCR applications require that signal dis- 
tortion be kept to a minimum. Also, numerous applications 
require large signal handling capability. A simple feedback 
technique may be used to reduce distortion while permitting 
large signal handling capability; a small amount of drain 
signal is coupled to the gate through a resistor divider net- 
work, as shown in Figure 18. 


VCR LINEARIZATION 
Ry 


Ry = R32 10 (tog //Rigag//Ry) 


Figure 18 


The application of a part of the positive drain signal to the 
gate causes the channel depletion layer to decrease, with a 
corresponding increase in drain current. Increasing the drain 
current for a given drain voltage tends to linearize the Vcg 
bias curves. On the negative half-cycle, a small negative volt- 
age is coupled to the gate to reduce the amount of drain- 
gate forward bias. This in turn reduces the drain current and 
linearizes the bias lines. Now the channel resistance is depen- 
dent on the DC gate control voltage and not on the drain 
signal, unless the Vps =VGs- VGs(off) locus is approached. 
Resistors Ry and R3 in Figure 18 couple the drain signal to 
the gate; the resistor values are equal, so that symmetrical 
voltage-current characteristics are produced in both quad- 
rants. The resistors must be sufficiently large to provide 
minimum loading to the circuit: 


Ry = R3 > 10 [Ry IIgs (max) [Rp] (4) 


Typically, 470K Q resistors will work well for most applica- 
tions. Rj is selected so that the ratio of DS(on) [Ry to 
[((ps(on) ||Rz) + Ry] gives the desired output voltage, or: 


. tDS(on) |IRL 
*  (ps(on) IIRL) + Ry 


ey 


(5) 


The feedback technique used in Figure 18 requires that the 
gate control voltage, Vg, be twice as large as Vcg in Fig- 
ure 17B for the same rpg value. Use of a floating supply 
between the resistor junction and the FET gate will over- 
come this problem. The circuit is shown in Figure 19, and 
allows the gate control voltage to be the same value as that 
voltage used without a feedback circuit, while preserving the 
advantages to be gained through the feedback technique. 


Appendix A to this Application Note is an analytical approx- 
imation of VCR FET distortion characteristics, both calcu- 
lated and measured. 
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Figure 19 


Experimental Results 


Figures 20 through 23 show low voltage output character- 
istic curves for a typical Siliconix N-Channel voltage-con- 
trolled resistor, VCR7N. Bias conditions are shown both 
with and without feedback. Figure 20 shows a two-volt 
peak-to-peak signal on the Vcg = 0 V bias curve, with the 
VCR operating in the first and third quadrants. The VCR is 
operated without feedback. 


o 


-100 


VCR7N with No Feedback 
Figure 20 


Ip (uA) 


VCR7N with No Feedback 
Figure 22 
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The forward-biased gate-drain PN junction may be seen at 
approximately —0.6 V, and bending of the bias curve is 
apparent in the third quadrant. The photo also demonstrates 
the comparison between a fixed resistor (the linear line 
superimposed on the bias curve) and the distortion apparent 
in the VCR without feedback compensation; the VCR signal 
is unusable with the indicated amount of distortion. 


In Figure 21, the same VCR7N FET is shown operating with 
the addition of the feedback resistors. Distortion has been 
reduced to less than 0.5%, and the characteristics of the VCR 
are now closely comparable to those of a fixed resistor. 


In Figures 22 and 23, the same VCR FET characteristics are 
shown, with Vag adjusted for higher Ips: No feedback net- 
work is employed in Figure 22, and measured distortion is 
greater than 8%. In Figure 23, the feedback resistors have 
been added and distortion has been reduced to less than 
0.5%. 


-200 


-1.0 


VCR7N with Feedback 
Figure 21 


VCR7N with Feedback 
Figure 23 


Some degree of non-linearity will be experienced in both It has also been shown that FETs with high pinch-off voltage 
the first and third quadrants as VGg approaches the FET require larger drain-to-source voltages to produce drain cur- 
cut-off voltage. For this reason, it is important that the rent saturation. Therefore, FETs with high VGgvoff) will 
feedback resistors be of equal value so that the non-lineari- have a larger dynamic range in terms of applied signal am- 
ties likewise will be equal in both quadrants. Figure 24 plitude, while maintaining a linear resistance. It is advanta- 
shows a curve of distortion vs Ry/R3, in both quadrants. geous to select FETs with high Vggoff) (compatible with 

: the desired rpg value) if large signal levels are to be 
encountered, 


APPENDIX A — From proceedings of the IEEE, Oc- 
tober, 1968, pp. 1718-1719. 


Abstract — An analytical approximation of FET char- 
acteristics for positive and negative voltages is present- 
ed. The distortion in an application as a controlled 
attenuator is calculated, and a method of reducing 
distortion by a factor of more than 50 is described. 


DISTORTION — NORMALIZED 


Controlled resistors are used in oscillators, controlled am- 
plifiers, and attenuators.(6>7) The possible control range is 
much larger for field-effect transistors (FET) than for other 
elements with comparable time constants (e.g., diodes). The 
signal-to-noise ratio is considerably improved. 


Ro/R3 


Distortion vs R2/R3 
Figure 24 


Distortion resulting from changes in temperature are also 
minimized by the feedback resistor technique. rpg will 
change with temperature in an inverse manner to the behav- 
ior of FET drain current. Table I presents the result of VCR 
laboratory performance tests of distortion vs temperature. 
The VCR7N again was employed. Signal level was 2 V peak- 
to-peak. 


Table | 


Temperature Without Feedback With Feedback 


+125 
PeZo 
- 55 


Comparison Between Mathematical Approximation of FET Charac- 
acteristics (Solid Lines) and Measured Curves (Broken Lines) for 
a Typical N-Channel JFET 
Figure 25 


SUMMARY 


This Application Note has presented a brief description of 
the use of junction field-effect transistors as voltage-con- 
trolled resistors, including details of operation, characteris- 
tics; limitations, and applications. The VCR is capable of 
operation as a symmetrical resistor with no DC bias voltage Hf 9) 
in the signal loop, an ideal characteristic for many appli- Ip =Ipse ( ie a (1) 


Figure 25 shows idealized and real FET characteristics. In 
region A (above pinch-off) Ip is independent of Vps:6® 


cations. 


Where large signal-handling capability and minimum distor- 
tion are system requirements, the feedback neutralization Region B, where Vpg <(Vgg — Vp), is the so-called triode 
technique for VCRs is an important tool in achieving either region. (In the following discussion all the signs (+, -) will 
or both ends. be valid for N-Channel FETs.) The characteristics can be 


5-47 


L-€ZNV 


xXIuUoODI 


AN73-1 


iconix 


approximated by a quadratic function, of which the maxi- where gpg is the differential conductance at the origin; 
mum and a second point (the origin) are known, The approxi- when Vgg = 0, then gpg = gpgg. The attenuation for the 
mation is circuit of Figure 26(a) is 


V V9 l 
minal Pete Vi 1+Reps 


le Reps 


= V 
(Vp)? 2 i a Repss V1 
2Vp{1t+ + _ *Reps sie Ma 
This is the same function that can be found by a simple PF Reps 2Vp (1 + Reps) 


analysis based on semiconductor theory. The less negative 

of the two voltages across the junction(VGg, Vgp) controls 

the channel conductance. Under the condition that the FET A ‘ 
is symmetrical (drain and source interchangeable), the fol- ; 
lowing consideration is true. If VGp were the controlling 

voltage and Vpg < 0, Ip < 0, then the characteristics 

would be the same as in the first quadrant: Vas 


2Ipss VDS 
-Ip = Ae ane Vps (vp = Vp si BF (3) (a) 
Vp 


Since the controlling voltage for both regions (B and E) is 
V 
GS: 


Vep = Ves - Vps (4) 


Substituting (4) into (3), we get (2); the same approxima- 
tion can be used in B and E. The limits of region E where 
(2) is valid are VGp = 0 and Vep = Vp. The characteristics 
in region D can be found from (1) with the same consider- (a) Controlled JFET Attenuator. (b) Controlled Attenuator with 


ation: “Feedback’’ Making Characteristics Linear and Symmetrical 
Figure 26 


(b) 


(5) To reduce (7) to a more tractable form, the following in- 


2 
XGS5 | 
equality is introduced: 


a G 
Ip =-Ipss “esos 


The mathematical approximation is compared with the V1 Repss <4 
measured characteristic in Figure 25. In the regions C and F 2Vp [1 + Rgps] 2 


the junction is forward biased. The characteristics are depen- 
dent on the internal resistance of the gate voltage source 
since gate current flows. 


Rye.” V1 Reps V1 

The FET as a controlled resistor works in region B and E. N5= 1+ ee f = 5 i (8) 
The higher the resistance, the more non-linear are the char- SDS 2Vp [1 + Rgps] 

acteristics. For most applications this is undesirable. Based 

on the simple approximation (2), the relation between distor- Only the second harmonic will be considered for the distor- 
tion, control range, and maximum to minimum attenuation tion since the third is much smaller. For small distortion 
will be described for a simple voltage divider [Figure 26(a)]. (d << land Rgpgg >> 1), 
Most applications can be based on this simple example. The 

conductance in any point of region B or E is . Vi Rgpss 


4|Vp| [1 + Reps] 2 


so that (7) can now be approximated by the expansion 


(9) 


If V> is held constant, 


Vv 
AP Vs epsit DSS"DS (6) de aice te cctesinonaatel me 
(Vp) 2Vp 4|Vpl [1 + Reps] «4 1Vp - Vesi 


(10) 
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There are several means of reducing distortion. By connect- 
ing two identical FETs in antiparallel or antiseries, non- 
linearities can be cancelled out to a certain extent. A better 
linearization is possible by using one FET with “‘feedback”’. 
It has been shown above that the characteristics would be 
symmetrical if VGp were the control voltage in the third 
quadrant. By adding 0.5 Vpg to the control voltage, the two 
voltage Vgg and Vcp interchange when Vpg changes sign: 


Vos =VHt 0:5 Vps 


(13) 
VGD = Vy - 0.5 Vps 


DISTORTION (PERCENT) 


then (13) used in (2) gives 


a 


* "| V2 = 0.01 Vgsioff) 


2IDss 
Ip = ee Vps (VH - Vp) (14) 


0.01% 


0 0.5 1 


Ves/Vasiott) 

Distortion as a Function of VGs/VGS(off) for Two Different 
V2/VGsloff)- (a) Theoretical for Figure 26(a). (b) Measured with The resulting characteristic is linear and symmetrical in B 
Circuit of Figure 26(a). (c) Measured with Circuit of Figure 26(b) and E, The improvement in distortion performance can be 
Figure 27 seen in Figure 27. A distortion of 12 percent for V> =0.1 
Vp at Vcg = 0.8 Vp is reduced through linearization to 0.1 
Figure 27 shows a comparison of measured and calculated percent. Figure 26(b) shows a possible circuit. The frequency 
distortion. If VGg approaches Vp, the above restrictions are range of the controlled signal must be much higher than that 
violated; the expression for the distortion can no longer be of the controlling signal Vy; to keep the direct interference of 


applied. If Vpg <0, Vgg = 0, then the FET works in region Vy on V2 small. R3 is set for minimum distortion. If V2 
F; the distortion will be higher than predicted. From (10) and Vy, are in the same frequency range, a high impedance 
we get for a prescribed maximum distortion a maximum amplifier must be used. V> is at the input; the output is 
amplitude as a function of Vco: connected to the FET gate. The amplification is approxi- 

mately 0.5 (adjustable). The control voltage is introduced 


through a second input so that no direct interference with 
V2max = 44max !Vp - Vcs! (11) Vy occurs. 


For a given diya, and V2,4, the ratio of minimum to REFERENCES 
maximum attenuation is. (1) J. Watson, INTRODUCTION TO FIELD-EFFECT 
TRANSISTORS, Siliconix, Inc. Santa Clara, Calif. 
95054 (1970), p. 58. 


Amin _ 1+ Repss 4dmax |Vpl 
A 3 V Ge CENT (2) “FETs As Voltage-Variable Resistors,’ Carl D. 
ma 2 2 12) 
: 1+ Renss Go max Todd, ELECTRONIC DESIGN, Sept. 13, 1965, 
4dmax |Vp| 
pp. 66-69. 
(3) Op. cit., AN INTRODUCTION TO FIELD-EF- 
valid only for m > 1. Note that the maximum distortion is FECT TRANSISTORS, p. 22. 


pe oy xOk etimimunr attenuation. Examples. (4) “FETs As Voltage-Controlled Resistors,” Siliconix, 


inc., Santa Clara, Calif., 1966. 


dmax = 10 percent V2max = 0.001 Vp m= 400 (5) Op. cit, AN INTRODUCTION TO FIELD-EF- 
FECT TRANSISTORS, p. 61. 


(6) W. Gosling, “Voltage Controlled Attenuators Using 
Field-Effect Transistors,” IEEE Trans Audio, Vol. 

Although these relations are only first-order approximations, AU-13, pp. 112-120, Sept.-Oct., 1965. 
they give a good estimate of FET attenuator characteristics. 
The maximum amplitude is proportional to Vp. FETs with 
high Vp are desirable for attenuator applications. Unfortun- 
ately, the majority of commercially available FETs are made (8) L.J. Sevin, “Field-Effect Transistors,’ New York, 
with low Vp for use in amplifiers. McGraw-Hill, 1965. 


Gas percent Vome, =0.00"Vp m= 4 


(7) J.S. Sherwin, “Voltage Controlled Resistors 
(FET),” Solid State Design, pp. 12-14, Aug. 1965. 
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INTRODUCTION 


The combination of low associated operating voltage and 
high output impedance make the FET attractive as a con- 
stant current source. An adjustable current source may be 
built with a FET, a variable resistor and a small battery, 
Figure 1. For good thermal stability, the FET should be 
biased near the zero T.C. point. ! 


Field-Effect Transistor Current Source 
Figure 1 

Whenever the FET is operated in the saturated region, its 
output conductance is very low. This occurs whenever the 
drain-source voltage Vpg is significantly greater than the 
cut-off voltage VGs(off): The FET may be biased to operate 
as a constant current source at any current below its satura- 
tion current Ipgg. 


For a given device where Ings and VGscoff) are known, the 
approximate Vgg required for a given Ip is 


Ip \ 1k 
Vcs = VGs(off) h -(2.) (1) 


where k can vary from 1.7 to 2.0, depending upon device 
geometry. The series resistor Rg required between source 
and gate is 


A change in supply voltage, or change in load impedance, 
will change Ip by only a small factor because of the low out- 
put conductance g,.¢c. 


Alp = AVps8oss (3) 


The FET Constant Current Source 


(2) 


DESIGN IDEA 


The value of g.., is an important consideration in the accu- 
racy of a constant current source. As Soss May range from 
less than 1 umho to more than 50 umho according to the 
FET type, the dynamic impedance can be greater than 
1 megohm to less than 20K. This corresponds to a current 
stability range of 1 uA to 50 yA per volt. The value of go,, 
depends also on the operating point, being highest at Ings 
and at low Vpg. Output conductance g,,, decreases approx- 
imately linearly with Ip, becoming less as the FET is biased 
toward cut-off. The relationship is 


I 
D ed es (4) 
DSS 8 oss 


where 

Boss = 8085 (5) 
when 

Vos =0 (6) 


So as Vos >VGs(oft)> Soss>Zer0- For best regulation, Ip 
must be considerably less than Ipgs. 


It is possible to achieve much lower g,,, per unit Ip by 
cascading two FETs as shown in Figure 2. 


Cascade FET Current Source 
Figure 2 


5-50 


Now, Ip is regulated by Q; and Vpgj = -Vgs2.- The d-c If Vpg <2 Vgscorty, the 8oss will be significantly increased, 
value of Ip is controlled by Rg and Q;. However, Q; and and circuit g, will deteriorate. For example: A 2N4340 has 
Q, both affect current stability. The circuit output conduc- typical gos, = 4 umho at Vpg = -20 V and Vgg = 0. At 
tance is derived as follows: Vos © -Ves(off) = 2 V> 8oss © 100 umho. 


Figure 2 is redrawn in Figure 3 for the condition Vg = 9. The best FETs for current sources are those having long 
gates and consequently very low gogg. The Siliconix 2N4869 
‘ aie exhibits typical g,, = 1 umho at Vpg = 20 V. A single 
Q» atet 2N4869 in the circuit of Figure 4 will yield a current source 
D - + adjustable from 5 uA to 1 mA with internal impedance 
Ms greater than 2 megohms. 
Joss 
(a) (b) 


Vds1 = -Vgs2 
= ip/Soss1 


Rg = 1MQ, 2W 


Figure 3 


ra. ub ets2 
= + = ae 
foe te es22ts2 ~ Vds280ss2 — to Bos] (7) Adjustable Current Source 
Figure 4 
_ Vds28oss280ss1 : The cascade circuit of Figure 5 provides a current adjustable 
10h Scat. HBrs2 (8) from 2 uA to 1 mA with internal resistance greater than 


10 megohms. 


ig 
Vo = Vds1 t Vds2 = Yds2 t ane (9) 


Q, = 2N4340 
Boss1 t 8oss2 * &fs2 0 Q, = 2N4341 
Vo = Yds? qd ) - 
8oss1 + 8fs2 Rg = 1MQ, 2W 


s 8oss180ss2 


bony. + + cit} 
Yo 8ossl1 * Soss2 * 8fs2 Cascade FET Current Source 
Figure 5 
Hegocct Boss? (12) For each circuit discussed, go, is represented by the fol- 


lowing equations: 


g = POSS es (1 3) D D 
© 2+ gfs/Boss : 
When 
Rg # 0 as in Figure 2 (14) Bo = oss bo ~3 “aR : 
S 


Baee 


£07 
28oss + Bfs + RS (557 + oss8fs t Base) 


(15) 


i Boss” (16) : 
Bfs (1 + Rgges) Rg 


In either case (Rg = 0 or Rg # 0), the circuit output con- 
ductance is considerably less than the go,, of a single FET. Boss” Boss” 


£0 ~ SE ONee 
g 8fs (1 + Rgg 
In designing any cascaded FET current source, both FETs i . Séfs) 
must be operated with adequate drain-gate voltage Vpg- 
That is, REFERENCES 
(1) “Biasing FETs for Zero DC Drift,’ Evans, L., 
VpG > VGs(off) Preferably VpG > 2 VGs(off) (17) Electrotechnology, August 1964. 
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DESIGN IDEA 


Wideband UHF Amplifier with 
High-Performance FETs 


Ed Oxner 


INTRODUCTION 


A new freedom in UHF amplifier design is possible with The amplifier circuit in Figure 1 is designed for 225 MHz 
high-performance “Super FETs” such as the Siliconix U310 center frequency, 1 dB bandwidth of 50 MHz, low input 
Junction FET. Typical advantages include a closely-matched VSWR in a 75-ohm system, and 24 dB gain. Three stages of 
75 ohm input for extremely low return loss in cable systems, U310 FETs are used, in a straight forward design. 

and high spurious response rejection with the 3rd order IM 
intercept measured at +29 dB.(1) 


Typical parameters are taken from the U310 data sheet: 


Additionally, the high common-gate forward transconduc- 


| f the U310 (20,000 umh Pee Forward Transconductance 14 mmhos 
ance of the ;000 umho maximum) makes it possi- 

ble to design an amplifier with wide bandwidth and good Input Admittance at 225 MHz Bigs 13 mmhos 
gain, since the figure of merit (g,,/C) of the FET is 2.35 x bigs 4 mmhos 
10? typical — higher than any other known UHF Junction Output Admittance at 225 MHz Bogs 9.27 mmhos 
FED bogs 2.6 mmhos 


RFC, 


Vp = +20 V 


C,,C4, C7, Cg = 68 pF Ly, bg, bs = 120 nHy 
C2, Cs = 500 pF L2,Lb4, le, = 222 nHy 
C3, Cg, Cg = 1000 pF RFC;,RFC2 =2.2nHy 


Q;,Q>.Q, = Siliconix U310 R,,R2 512 


Figure 1 
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Input match is simplified because the FET input (real) impe- Three cascaded synchronous single-tuned stages are used to 
dance is nearly 77 ohms. A coupling capacitor is used in the achieve the desired gain, and thus stage bandwidth and Q 
amplifier, rather than a tuned circuit, and thus the values are determined: (2) 


may be determined: 


B/W _ 1, /{E ( 
Rj a . = (Fc) -1 
Ripe ctiole 5 lier, 4a/ f 

RVR Xen 5 \iaeo 1 = 1185.0 Py CORE 


1 where 
Co .= wx, =~ 68 pF 
Bandwidth of 3 Stages(3)_ tals 
a RsRp | 75X77). Bandwidth of 1 Stage fa Pe 
Kg, CUBS] yaaa, 
and 
Cp= 1.47 pF 
Eo 
Cy = 4.4 pF (Cy = Cp + Cig,) E = 1.122 (1 dB) 
L, =—— = 120nH 
Piiea2c% ; giving 
Figure 2 shows that the measured input VSWR in the 75- B/W (1 dB) = 98 MHz 
ohm system indicated an available bandwidth considerably 
greater than that required for the amplifier design criteria. Q=1.15 
200 MHz 
400 MHz 


Blanchard Chart (Inverted Circle Impedance Chart) 
Figure 2 
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With a FET output impedance of 3700 ohms shunted by 
approximately 2.5 pF (with 0.5 pF allowed for stray capaci- 
tance), the total parallel resistance necessary to obtain the 
desired bandwidth is: 


Q = wCR; 


% 1.15 
1.415 x 109 x 2.5 x 10712 


Ri = 3302 


The tank circuit impedance appearing in shunt with the FET, 
is therefore calculated to be about 365 ohms. From this, the 
inductance is: 


pd ules 


HATTA 7 oe 


with a turns ratio of 2.3:1 to match to 75 ohms. Since each 
stage is designed for 75 ohm input and output, three cas- 
caded stages complete the amplifier design. 


200 MHz 


Figure 3 
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The computed voltage gain per stage is approximately 
Bts Rt/n or 2.22 (7 dB). Measured gain for all three stages is 
24 dB. The U310 FET in the final stage operates at Ipgg, 
and thus accounts for the higher measured gain. The gain/ 
bandwidth response of the amplifier is shown in Figure 3. 


The 3rd order spurious intercept point is plotted graphically 
in Figure 44) The importance of a high intercept point 
becomes apparent in a crowded high-level area of the spec- | 
trum where signal purity is of utmost priority. 


REFERENCES 


(1) “Don’t Guess the Spurious Level,” ELECTRONIC 
DESIGN, February 1, 1967, pp. 70-73. 


REFERENCE DATA FOR RADIO ENGINEERS, 
4th ed., p. 242, ITT Corp., New York, N.Y. 


Valley and Wallman, VACUUM TUBE AMPLI- 
FIERS, MIT Rad. Lab. Series, Vol. 18, pp. 172-173. 


(2) 


(3) 


(4) 


Op. cit., “Don’t Guess the Spurious Level.” 


B/W (1 dB) = 50 MHz 
fo = 225 MHz 
G=24dB 


INTERCEPT POINT 


1dB 
COMPRESSION 


POWER OUT (dBm) 


3rd ORDER 
INTERMOD 
PRODUCT 


POWER IN (dBm) 


Figure 4 


DESIGN IDEA 


High-Performance FETs 
In Low-Noise VHF Oscillators 


Ed Oxner 


Most communications receivers are limited in their dynamic range because of saturation in the early stages of RF ampli- 
fiers or mixers. However, some receiver designs are available which overcome this limitation by using parametric amplifiers and 
converters to achieve spectacular increases in dynamic range. There still remain certain limitations in dynamic range which 
cannot be remedied by parametric devices. In these cases, the problem lies in the heterodyning of noise sidebands which ap- 
pear on the receiver local oscillator, entering the passband through strong interfering signals. 


Common Types of Noise 


Although noise is often difficult to characterize because of its random or nondeterministic nature, it is possible to differen- 
tiate various forms of noise through an understanding of the Gaussian distribution of noise about an RF carrier. Briefly stated, 
the three major forms of noise are (1) low-frequency noise (1/f); (2) thermal noise (4kTRB); and “‘shot” noise (in). Further, 
these types of noise can be identified from their relationship to the main RF carrier. For example, low-frequency noise pre- 
dominates very close to the carrier, and falls to insignificant levels when it is displaced more than 250 Hz from the carrier. 
Low-frequency noise is associated with surface contamination and other irregularities, such as gate current leakage. 


Thermal noise plays the predominant role in the region from the 1/f decay point to approximately 20 kHz from the carrier, 
and is commonly associated with equivalent resistance where the rms value of noise voltage of the Thevenin generator becomes 
the classic (4k TBR)”. Noise appearing beyond the 20 kHz is known as Shot noise, and is directly attributable to noise current. 
Because of the typically uniform distribution of shot noise it is also referred to as “‘white noise.” 


Origins of Oscillator AM Noise 


Although an oscillator tends to produce a wave that is nearly sinusoidal, there are other fluctuations present. When the energy 
in the frequency domain close to the carrier is observed on a spectrum analyzer, noise appears as a modulation phenomenon. 
This observation would be greatly enhanced if the noise contribution was coherent and consisted of discrete sideband fre- 
quencies. Without a doubt, the major component of AM noise is the contribution of low-frequency noise (1/f). Both thermal 
and shot noise are relatively insignificant segments of AM noise when compared to 1/f. A graph of AM noise vs frequency 
removed is shown in Figure 1. 


a 
ra) 
r=) 


fc = 760 MHz 
B/W = 10 Hz 


+ FUNDAMENTAL AND HARMONICS OF 
“| 60 Hz LINE FREQUENCY 


' 
= 
= 
o 


AM NOISE (DSB) BELOW CARRIER (dBc) 


3 kHz 
FREQUENCY (kHZ) 


AM Noise vs Frequency Removed from the Carrier 
Figure 1 
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Design of a VHF Oscillator 


The important design considerations for best oscillator performance include using a FET with high forward transconductance, 
maintaining the gate at ground potential, and keeping a high unloaded tank Q. The high transconductance is necessary to 
reduce the effective noise resistance. The grounded gate reduces the noise voltage contributions to those of the gate leakage 
current and the series gate resistance. The high tank circuit Q serves as an effective filter for the sideband noise energy. 


The oscillator design is somewhat extraordinary for a circuit employing a FET. The FET chosen was the Siliconix U310, which 

has a forward transconductance value higher than 18 mmho at zero bias (VGS = 0). The oscillator basically consists of two co- 
axial resonators, one for the FET source and the other for the drain. Oscillation is established by capacity coupling between 

the two resonators; output coupling is derived from the magnetic coupling which exists at the open ends of the resonators. 

Optimum resonator Q is achieved by designing the coaxial resonators for a characteristic impedance of 75 ohms. The oscilla- 
tor circuit is shown in Figure 2, and construction details are shown in Figure 3. 


C3 
—~ 1 pF (SEE TEXT) 


Oscillator Circuit Oscillator Construction Details 
Figure 2 Figure 3 


The technique to establish the proper resonator length for the desired frequency is somewhat tricky, and requires a first-order 
approximation of the anticipated capacitive fringing which derives from both the FET and the feedback network. A short cir- 
cuited coaxial transmission line is theoretically resonant at a quarter-wave length of the resonating frequency, except for the 
effects of fringe field capacitance. At resonance 


Xie= oC (1) 


If the fringe capacitance is known, X¢ can be calculated as 
1 


we 


From this, the resonator length can be determined as 


Xc = tan BL 
In making these calculations, a Smith chart is invaluable, as is shown in the following illustration: 


Frequency of oscillation = 760 MHz 
FET bigs (from data sheet) 16 mmho 
Capacitance from bigs Cgs = 3.4 pF 
Allow for stray capacitance and 
the feedback network Cy = 155 pE 


4.9 pF 
Thus Xc = j 0.57 (normalized to 75 Q) 


Locate 0.57 on the Smith chart. The wavelength toward the load = 0.081 A. Since a wavelength at 760 MHz is 39.5 cm., then 
the resonator cavity length is simply | 


39.5 x 0.081 = 3.20 cm (1.26 inches) (4) 
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{n the completed FET coaxial oscillator circuit, the output coupling loop consists of a single turn made fast to the cavity by 
the BNC flange and the FET itself. Although the feedback network appears somewhat crude, it can be replaced by a small 
trimmer capacitor for similar operation. 


Conclusions 


Measured performance of the oscillator is shown in Table IA; AM noise measurements in a 10 Hz bandwidth are shown in Ta- 
ble IB. : 


TABLE IB 
TABLE IA AM Noise Measurement 
Oscillator Measured Performance @ 25°C Frequency Displaced From Carrier 


VpD(V) +10 +15 +20 +25 
Ip (mA) 15 shy Xo (Re 02 WluapA|| 
Pout (dBm) TOG) blo... $1823, "420 
Frequency (MHz) 725 742.7 754.7 762.9 


The Reike diagram shown in Figure 4 makes possible the accurate prediction of expected power output and operating fre- 
quency with the oscillator feeding directly into a mismatched load. Expansion of the Reike diagram to show frequency vs 
transmission line length (in degrees) will allow prediction of the long-line effect on oscillator stability. 


JX 


Nine b 
o—+ 
o 


Reike Diagram 
Figure 4 
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INTRODUCTION 


Engineers often design FET amplifiers that are unnecessarily 
sensitive to device characteristics because they may not be 
familiar with proper biasing methods. 


One way to obtain consistent circuit performance in spite of 
wide device variations is to use a combination of constant- 
voltage and self biasing. The combined circuit configuration 
turns out to be the same as that generally used with bipolar 
transistors, but its operation and design are quite different. 


Three Basic Circuits 


Let’s examine three basic common-source circuits that can 
be used to establish a FET’s operating point (Q-point) and 
then see how two of them can be combined to provide 
greatly improved performance. The three basic biasing 
schemes are: 


® Constant-voltage bias, which is most useful for rf and 
video amplifiers employing small dc drain resistors. 


Constant-current bias, which is best suited to low- 
drift dc amplifier applications such as source followers 
and source-coupled differential pairs. 


Self bias (also called source bias or automatic bias), 
which is a somewhat universal scheme, particularly 
valuable for ac amplifiers. 


The Q-point established by the intersection of the load line 
and the Vag = -0.4 V output characteristic of Figure 1 
provides a convenient starting point for the circuit compari- 
son. The load line shows that a drain supply voltage, Vpp, 
of 30 V and a drain resistance, Rp, of 39K Q are being used. 


The quiescent drain-to-source voltage, Vpsa: is 15 V, 
allowing large signal excursions at the drain. Maximum input 
signal variations of +0.2 V will produce output voltage 
swings of +7.0 V — a voltage gain of 35. 


Reprinted From ELECTRONIC DESIGN, May 24, 1970, June 7, 1970. 


TECHNICAL ARTICLE 
FET Biasing 


James Sherwin 


20 
Vps (VOLTS) 


Figure 1. A large dynamic range is provided by the operating point 
at Vpsa = 15 V, Ipq = 0.39 mA and VGsq = —-0.4 V. The output 
characteristics are for a typical 2N4339. 


The constant-voltage bias circuit (Figure 2) is analyzed by 
superimposing a line for VGq= constant on the transfer 
characteristic of the FET. 


*VDD ss Vpg = 15 V 


OUTPUT 


CONSTANT 


Figure 2. Constant-voltage bias is maintained by the VGq supply as 
shown on this typical 2N4339 transfer curve. Input signal €g Moves 
the load line horizontally. 
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The transfer characteristic is a plot of Ip vs Vag for constant 
Vps: Since the curve doesn’t change much with changes in 
Vps; it is quite useful.in establishing operating bias points. 
In fact, it is probably more useful than the output character- 
istics because its curvature clearly warns of the distortion to 
be expected with large input signals. Furthermore, when a 
bias load line is superimposed, allowable signal excursions 
become evident and input voltage, gate-source signal voltage, 
and output signal current calculations may be made 
graphically. 


The heavy vertical line at Vog = -0.4 V establishes the Q- 
point of Figure 1. No voltage is dropped across resistor Rg 
because the gate current is essentially zero. Rg serves main- 
ly to isolate the input signal from the Vgg supply. 


Excursions of the input signal, e,, combine in series with 
Vcgs so that they add algebraically to the fixed value of 
-—0.4 V. The effect of signal variation is to instantaneously 
shift the bias line horizontally without changing its slope. 
The shifting bias line then develops the output signal current 
as shown in Figure 2. 


The constant-current bias approach (Figure 3) for establish- 
ing the Q-point of Figure 1 requires a 0.39-mA current 
source. For an ideal constant-current generator, input signal 
excursions merely shift the bias line horizontally and pro- 
duce no resultant gate-source voltage excursion. This bias 
technique is therefore limited to source followers, source- 
coupled differential amplifiers, and to ac amplifiers where 
the source terminal is bypassed to ground at the sig- 
nal frequency. 


+VpD 
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Figure 3. Constant-current bias fixes the output voltage for any Rp. 
Hence, input signals cannot affect the output unless the current 
source is bypassed. 


If an ac ground is provided by a bypass capacitor across the 
current source, a vertical ac bias line will be established. 
Input signal variations will then translate the ac bias line 
horizontally, and signal development will proceed as with 
constant-voltage biasing (Figure 3). 


Should the bypass capacitor not provide a sufficiently low 
reactance at the signal frequency, the ac bias line will not be 
vertical. It will still intersect the transfer curve at the Q- 
point but with a slope equal to {1/X¢) =-w0C (Figure 4). 


AC LOAD LINE 


SLOPE—wC 


VD © PER \ 
DC LOAD LINE \\ 


-1.2 -0.8 -0.4; Py 0 
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Figure 4. Partial bypassing of the current source (Figure 3) lowers 
the circuit gain by tilting the ac load line from the vertical. The 
capacitor drop subtracts from eg. 


This will lower the gain of the amplifier because of signal 
degeneration at the source. The input signal, eg, is reduced 
by the drop across the capacitor: 


Vas = &g — VE = &g — ig XC (1) 


It is clear from Figure 4 that the input signal only shifts the 
operating point by an amount equal to Vgs: the effective 
input signal. As the signal frequency is decreased, the slope 
of the ac bias line decreases, causing the effective input sig- 
nal to approach zero. 


Self Bias Needs No Extra Supply 


The self-bias circuit (Figure 5) establishes the Q-point by 
applying the voltage dropped across the source resistor, Rg, 
to the gate. Since no voltage is dropped across Rg when 
Ip = 0, the self-bias load line passes through the origin. Its 
slope is given by -1/Rg. Therefore, the desired Q-point is 
established by setting -1/Rg = Ing/Veso- 


+VpD 
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Figure 5. The self-bias load line passes through the origin with a 
slope —1/Rs. Bypassing Rg will steepen the slope and increase the 
gain of the circuit. 


Signal development is the same as in the case of the partially 
bypassed constant-current scheme except that the load line 
is a dc bias line. Signal degeneration is described by Equa- 
tion 1 with X¢ replaced by Rg. The ac gain of the circuit 
can be increased by shunting Rg with a bypass capacitor, as 
in the constant-current case. The ac load line then passes 
through the Q-point with a slope - (1/Zg) = -(wC + 1/Rsg). 
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The circuit is biased automatically at the desired Q-point, 
requires no extra power supply and provides a degree of cur- 
rent stabilization not possible with constant-voltage biasing. 


A fourth biasing method, combining the advantages of con- 
stant-current biasing and self biasing, is obtained by combin- 
ing the constant-voltage circuit with the self-bias circuit 
(Figure 6). A principal advantage of this configuration is 
that an approximation may be made to constant-current 
bias without any additional power supply. The bias load line 
may be drawn through the selected Q-point and given any 
desired slope by properly choosing Vgq. (The bias line inter- 
cepts the Vag axis at VGqg.) The larger Vg is made, the 
larger Rg will be and the better will be the approximation 
to constant-current biasing. 


+Vpp 


OUTPUT 


Rs 
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Figure 6. All three combination-bias circuits are equivalent. They 
add constant-voltage biasing to the self-bias circuit to establish a 
reasonably flat load line without sacrificing dynamic range. 


All three circuits in Figure 6 are equivalent. Circuit 6(a) 
requires an extra power supply. The need for an additional 
supply is avoided in 6(b) by deriving VGg from the drain 
supply. R; and R> are simply a voltage divider. To maintain 
the high input impedance of the FET, Ry and R> must 
both be very large. 


Very large resistors cannot always be found in the exact ratio 
needed to derive the desired VGq in every circuit applica- 
tion. Circuit 6(c) overcomes this problem by placing a large 
Rg between the center point of the divider and the gate. 
This allows R; and R» to be small, without lowering the 
input impedance. 


One point of caution worth remembering is that as Vcq is 
increased, Vg increases, and Vps decreases. Therefore with 
low Vpp, there may be a significant decrease in the allow- 
able output voltage swing. 


Biasing for Device Variations 


The value of the combination-bias technique becomes ap- 
parent when one considers the normal production spread of 
device characteristics. The problem is illustrated in Figure 7 


Vps (VOLTS) 


Vps (VOLTS) 


Figure 7. The wide variations in device performance shown by this 
pair of output characteristics make clear the disadvantages of con- 
stant-voltage biasing. 


where two limiting sets of output characteristics, represent- 
ing the actual min-max spread of the Siliconix 2N4339, are 
presented. Limiting characteristics like these are not nor- 
mally available. Even if they were, however, they’d be of 
little help in establishing operating points suitable for all 
devices with output characteristics lying between the two 
extremes. The problem is much more easily approached by 
using the set of limiting transfer characteristics of Figure 8. 
(See next page.) 


Attempting to establish suitable constant-voltage bias condi- 
tions for a production spread of devices is practical only for 
circuits with very small values of dc drain resistance — for 
example, circuits with inductive loads. As the constant- 
voltage bias plot of Figure 8 reveals, constant gate bias causes 
a significant difference in operating IDng for the extreme 
limit devices. At Vgg = -0.4 V, the range of Ing is 0.13 to 
0.69 mA, and Vpso for a given Rp will vary greatly for 
most resistance-loaded circuits. For the example of Figure 1, 
with Rp = 39K Q and Vpp = 30 V, Vpgo varies from near 
saturation (5 V) to 25 V. 


An apparently excellent method of biasing is the constant- 
current method of Figure 3. Biasing in this manner fixes the 
operating drain current for all devices and sets Vpsa to 
Vpop - Ip@Rr for any device in the production spread. 
VGs automatically finds a value to set the appropriate 
Ipg = constant for all devices. For the constant-current 
bias plot of Figure 8, with Ing = 0.39 mA, Vgg would 
range from —0.11 to -0.67 V. 
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Figure 8. The advantages of combination biasing, when one is working with a spread of device characteristics, are made obvious by plotting 
the load lines for the various types of biasing on a pair of limiting transfer curves. 


Output characteristics are not needed as long ‘as Ing is 
chosen to be below the minimum Ipgg. With Rp = 39K Q 
and Vpp = 30 V, Vpso is 14.8 V for all devices. 


The disadvantages of the constant-current method are that 
it allows no signal to be developed unless the current source 
is bypassed and, as we shall see, it lacks the flexibility to 
provide constant gain despite variations in the forward 
transconductance, ge¢,, of the devices. 


The self-bias scheme is a reasonable choice for single-ended 
dc amplifiers and for ac amplifiers. In unbypassed or dec cir- 
cuits, some compromise must be made between the gain 
loss due to current feedback degeneration and the advantage 
of current stabilization achieved with high Rg. 


An appropriate choice of Ipg limits can be made by using 
the pair of limiting transfer curves. For example, for Rg = 
1K 92, the load line shown on the self-bias curve of Figure 
8 is established. The maximum Ip is 0.52 mA, and the min- 
imum Ip is 0.24 mA. The operating range of Vpsq may be 
calculated for any value of Vpp and Rp. Clearly, for 
Rp = 39K &, the maximum-limit device (device B) would 


operate with Vpsq = 9.8 V and the minimum-limit device 
(device A) would operate with Vpsq = 20.6 V. This results 
in fairly satisfactory operation for all devices. However, such 
a variation in Ipg imposes severe limitations on the cir- 
cuit design. 


A better approach is illustrated by the combination-bias 
curve of Figure 8 with Vag = 1.2 V. The range of Ing for 


this bias condition is 0.25 mA to 0.32 mA. A similar mini- 
mum difference in Ipg could be achieved with Rg = 6K Q 
and Vag = 0, (a self-bias condition) but the operating points 
would be pushed toward the toe of the transfer characteris- 
tics and allowable signal input would be reduced. 


The upper load line allows Vs = 21.8 V (limited by Ipgsa), 
while the lower line allows a v,, of only +0.7 V (limited by 
VGS(off)A): (The subscript letters A and B refer to the min- 
imum and maximum devices, respectively.) The combination 
circuit allows almost ideal operation over the full production 
spread of devices. Even with Rp = 62K &2, the Vpgq would 


range only between 10 and 15 V. 


For this circuit, Rp should be chosen to allow the largest 
output signal swing for Ipg midway between the two 
extremes of 0.25 and 0.32 mA; namely 0.285 mA. Setting 
the voltage drop across Rp at one-half of (Vpp - 
2VGs(off)typ) oF 14 V, yields Rp = (14 V/0.285 mA) = 
49K Q. 


It is helpful, in any design, to know the effect of tempera- 
ture variations on the transfer curves and transconductance 
characteristics. Ideally, minimum and maximum transfer 
characteristics would be plotted at three temperatures: 
above, below, and at room temperature. Then the design 
would take all types of variation into account. 
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Minimize the Gain Variations 


Leaving Rg unbypassed helps reduce gain variations from 
device to device by providing degenerative current feedback. 
However, this method for minimizing gain variations is only 
effective when a substantial amount of gain is sacrificed. 


A better approach is to use the combination-bias technique 
with the bias point selected from the transfer and transcon- 
ductance curves (Figure 9). 


Vps = 15 V 
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Figure 9. Gain variations are minimized when the load line is de- 
signed to intersect the pair of limiting transfer curves (top) at points 
of equal g¢, (bottom). 


As Figure 9 shows, it is possible to find an Rg and a Vag 
that will set Inga and Ipop to values so that 8fsQ Will be 
the same for both devices. The SfsQ of all intermediate 
devices will be approximately equal to the limiting values. 
Thus, a constant, or nearly constant, stage gain is obtained 
even with a bypass capacitor. 


The design procedure is as follows: 


Step 1. Select a desired IDQAa below Ipngsa- A good 
value, allowing for temperature variations, is 
60% of Ipngga- This will allow for decreasing 
Ipss due to temperature variation and for 


reasonable signal excursions in load current. 


Step 2. Enter the transfer curves at DOA 
0.6 Ipssa (0.3 mA) to find VGSQA: This 


Drop vertically at Vesa A to the minimum 
limit transconductance curve to find SfsQA: 
The value as read from the plot is approxi- 
mately 1000 umho. 


Step 3. 


Step 4. Travel across the g¢, plot to the maximum 
curve to find Vggqp at the same value of 


Efs- This is VGSQB =-0.7 V. 


Step 5. Travel vertically up to the maximum limit 
transfer curve to find Ipgp at VGsQB: This 
Step 6. Construct an Rg bias line through points 


Qa and Qp on the transfer curves. The slope 
of the line is 1/Rg, and the intercept with the 
Vas axis is the required Vgc. 


As Figure 9 demonstrates, it may be somewhat inconvenient 
to perform Step 6 graphically. An algebraic solution can then 
be employed instead. The source resistance is given by 


Rs = (Vgsqa - Vesas)/( pes - Ipga) (2) 


and the bias voltage is 
Vcc = 8s Ipgp + Ycsos (3) 


Care should be taken to maintain the proper algebraic signs 
in Equations 2 and 3. (For n-channel FETs, Vgq is negative 
and Ip is positive. For p-channel units, the signs are reversed.) 


If the transconductance curves of Figure 9 are not available, 
gf, can be determined by simply measuring the slope of the 
transfer curve at the desired operating point. Just place a 
straight-edge tangent to the curve at the Q-point and note 
the points at which it intercepts the Ip and Vgg axes. The 
slope and gg, are given by: 


slope = gf = ID(intercept)/ ay VGS(intercept) (4) 


In designing a constant-gain circuit, simply set the straight- 
edge tangent to the transfer curve of device A at point Qa 
and slide it, without changing its slope, until it is tangent to 
the curve of device B. The tangency point is Qp. 


Designing Without Output Curves 


Although the transfer characteristic has been seen to be 
extremely valuable in designing a bias circuit, it cannot be 
used to graphically establish Vpsa- However, if a set of out- 
put curves is not available, Vpso can be determined or 
selected from the transfer curve by using the follow- 
ing procedure: 


Step 1. Establish Rg and limiting values of IDQ; 


VGsq and 8fsqQ from the transfer curve. 


Step 2. Establish Vpp as available, but in no case 
greater than BVggg nor less than several 
times VG¢(off)- There are special cases where 
Vpp will be below this limit, but in no case 
should instantaneous vgg be allowed to fall 
below 2 x Vos (off) if minimum distortion is 
to be achieved. 


Step 3. Set Vbse approximately midway between | 
Vpp and 2 x Voes(oft); lower if large output 


signals will not be handled. 


Step 4. Select Rp to give the appropriate Vpso: The 


formula is: 


Rp = [(Vpp - Vpsq)/9-5 Ipga + Ings] -Rs (5) 
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In the example of Figure 8, this procedure would have 
yielded Vpsq = (30-3)/2 = 13.5 V and Rp = (30 - 13.5)/0.5 
(0.52 + 0.24) mA - 1K 2 = 42.5K Q. 

Step 5. Check to ensure that with this Rp, device B 
is not in a saturated condition — VpoQB = 


Yop ~- IpBa Rp > 2Vescort) + Rs IpBa: 


Decrease Rp if this condition is not met. 


An alternate method, that selects Rp to provide a specified 
voltage gain, follows Steps 1 and 2 above and then proceeds 
as follows: 


Step 3. Determine required stage gain, A,, and set 
Rp = Ay/ &fsQ: 

Calculate Vpgo to ensure that the criteria 
of Step 2 are not violated: 


Step 4. 


(6) 


Vpsq = Vpp - (Rp + Rs) Ing 


Step 5. If necessary, change Ipa: Vpp> Ay and/or 


Rp to obtain an optimum compromise. =a 


FET SOURCE-FOLLOWER CIRCUITS 


Too little knowledge of biasing methods for FET amplifiers 
sometimes keeps engineers from making maximum use of 
FETs in circuit designs. The common-drain amplifier, or 
source follower, is a particularly valuable configuration; its 
high input impedance and low output impedance make it 
very useful for impedance transformations between FETs 
and bipolar transistors. 


+VDD 


By considering 10 circuits, which represent virutally every 
source-follower configuration, the designer can obtain con- 
sistent circuit performance despite wide device variations. 


There are two basic connections for source followers: with 
and without gate feedback. Each connection comes in 
several variations (Figure 10). Circuits 10(a) through 10(e) 
have no gate feedback; their input impedances, therefore, are 
equal to Rg. Circuits 10(f) through 10(k) employ feedback 
to their gates to increase the input impedance above Rg. 


Before getting into the details of bias-circuit design, note 
several general observations that can be made about the 
circuits of Figure 10: 


® Circuits a, d and f can accept only positive and small 
negative signals, because these circuits have their 
source resistors connected to ground. The other cir- 
cuits can handle large positive and negative signals 
limited only by the available supply voltages and 
device breakdown voltage. 


Circuits c, d, e, h, j, and k employ current sources to 
improve drain-current (Ip) stability and increase gain. 


Circuits d, e and k employ FETs as current sources. 
In circuit d, Qy must have a lower cut-off voltage, 
VGS(off): and a lower zero gate-voltage drain current, 
Ipss; than Q). 

Circuits e, g, h and k employ a source resistor, Rg, 
which may be selected to set the quiescent output 
voltage equal to zero. 


Circuits e and k use matched FETs. Rg is selected to 
set Ip near the specified low-drift operating current. 
The input-output offset is zero. 


*VppD 


Figure 10. Virtually every practical source-follower configuration is represented in this collection of ten circuits. The configurations in the 
top row do not employ gate feedback; the corresponding ones in the bottom row do. 
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Biasing Without Feedback is Simple 


The no-feedback circuits of Figure 10 (circuits 10(a) through 
10(e) use simple biasing techniques (see the earlier article). 
Circuit 10(a) is a self-bias configuration; the voltage drop 
across Rg biases the gate (which draws essentially zero cur- 
rent) through resistor Rg. Since no gate-to-source voltage, 
Vcs, can be developed when Ip = 0, the self-bias load line 
passes through the origin (Figure 11). For the 2N4339 FET, 
whose limiting transfer characteristics are used throughout 
this article, the quiescent drain current is seen to lie between 
about 0.25 and 0.55 mA when a 1K 2 source resistor is 
used. The quiescent output voltage lies between +0.25 and 
+0.55 V. 


-0.8 
Ves (VOLTS) 


Figure 11. Self biasing (Figure 10a) uses the voltage dropped across 
the source resistor, Rs to bias the gate. The load line passes through 
the origin and has a slope of —1/Rs. 


Circuit 10(b) is another example of source-resistor biasing 
with a -Veg supply added. The advantage over circuit 10(a) 
is that the signal voltage can swing negative to approxi- 
mately -Vgg. Two bias lines are shown in Figure 12, one for 
Vgg = -15 V and the other Vgg = -1.6 V. For the first case, 
the quiescent output voltage lies between +0.18 and +0.74 V. 
For the second, it lies between +0.3 and +0.82 V. 
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Figure 12. Adding a Vssg supply to the self-bias circuit (Figure 10b) 
allows it to handle large negative signals. The load line’s intercept 
with the Vgs-axis is at VGg = -Vsg. Bias lines are shown for 
Vss =-15 V and Vss = -1.6 V. 


The bias load line for circuit 10(c) is just a horizontal line 
(Ip = constant). The quiescent output voltage is between 
+0.15 and 0.7 V for Ip = 0.3 mA. 


Circuit 10(d) is similar to 10(c) except that the Vgg = 0 out- 
put characteristic of FET Q is used as a current source. As 
seen in Figure 13, Q5 does not supply constant current when 
its Vpg gets very small. This technique should therefore be 
used only to bias FETs whose Vggioff) is significantly high- 
er than the equivalent VGgcoffy of the current-source 
FET diode. 


220-4 A FET DIODE 
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Figure 13. FET Q2 doesn’t behave like an ideal current source when 
its Vps gets very small (Figure 10d). Therefore, Q4 should have a 
significantly larger VGS(off) than Q2 does. 


A pair of matched FETs is‘used in the circuit of Figure 10(e), 
one as a source follower and the other as a current source. 
The operating drain current (IpQ) is set by Rg», as indicated 
by the load line of Figure 14. The drain current may be any- 
where from 0.20 to 0.42 mA, as shown by the limiting 
transfer characteristic intercepts; however, Vas; = VGs2 


because the FETs are matched. 
1.5 
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Figure 14. This load line is set by Rg2 and Q2 which acts as a cur- 
rent source (Figure 10e). If its components are properly matched, 
the circuit will have zero or near-zero offset. 


Since Ip1 = Ip2 and VGs1 = VGs2: choosing Rs] ro Rs? 
will ensure that the voltage from point A to B equals the 
voltage point from point C to D (Figure 10(e) ). This source 
follower, therefore, exhibits zero or near-zero offset. If the 
FETs are temperature-matched at the operating Ip, the 
source follower will exhibit zero or near-zero tempera- 
ture drift. 


Biasing With Feedback Increases Zin 


Each of the feedback-type source followers (Figure 10(f) 
through 10(k) ) is biased by a method similar to that used 
with the nonfeedback circuit above it. However, in each 
case, Rg is returned to a point in the source circuit that 
provides almost unity feedback to the lower end of Rg. If 
Rg is chosen so that Rg is returned to zero dc volts (except 
in circuit 10(f), then the input/output offset is zero. Ry is 
usually much larger than Rg. 
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Circuit 10(f) is useful principally for ac-coupled circuits. Rg 
is usually much less than R, to provide near-unity feedback. 
The bias load line is set by Rg (Figure 15). The output load 
line, however is determined by the sum of Rg + Ry. The 
feedback voltage Vpp, measured at the junction of Rg and 
Ry, is determined by the intercept of the Rg + Ry load line 
with the Vag axis. The quiescent output voltage is 


Veg - Vos: 
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Figure 15. The bias load line is set by Rg but the output load line is 
determined by Rs + Rj when gate feedback is employed (Figure 
10f). The feedback Vp is determined by the intercept of the 
Rs + Rq load line and the Vgs axis. 


In the circuit of Figure 10(g), Rg can be trimmed to provide 
zero offset. As the curves show (Figure 16), Rg will be 
between 670 ohms and 2.5K 2. Rg is much less than Ry. 
The source load line intercepts the VGg axis at Vgg = 
-Voc =-15 V. 


Rg+R1=50K Vgg=-15V 
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Figure 16. Rs can be trimmed to provide zero offset at some point 
between 670 ohms and 2.5K {2 (Figure 10g). The source load line 
intercepts the VGs axis at Vss = VGG = -15 V. Note that this load 
line is not perfectly flat. It has a slope of —1/50K, because the cur- 
rent source is not perfect; it has a finite impedance. 


Circuit 10(h) is almost the same as 10(g); the difference is 
that resistor R, is replaced by a current source. Since an ideal 
current source has infinite impedance, the bias curve of 
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circuit 1(h) differs from that of Figure 10(g) (Figure 16) in 
that the load line is perfectly flat. In Figure 16 the load line 
is almost, but not quite, flat; it has a slope of -1/50k. 


Circuit 10(j) is similar to 10(h) except that the output is 
taken from the top of Rg to reduce the output impedance. 
Rg must be trimmed if the circuit is to work at all properly. 


In Figure 17, the constant-current load line represents a 
0.3-mA current source, and the effect of a 1K Q source 
resistor is shown. The offset voltage is seen to lie between 
0.2 and 0.75 V. The intercept of the Rg load line and the 
Vcsg axis sets the voltage at the junction of Rg and the cur- 
rent source (Vpp). For Rg = 1K Q, Vpp will be between 
-0.1 V and +0.45 V. Since Vep appears at the gate, it must 
be zero if the dc input impedance of the circuit is to 
be preserved. 


-0.8 
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Figure 17. If Rg is not trimmed so that the load line passes through 
the origin, a voltage will appear at the gate causing a reduction in dc 
input impedance. The incremental input impedance will not 
be affected. 


This can be done by trimming Rg, as shown dashed in Fig- 
ure 17. The biasing then becomes the same as for cir- 
cuit 10(h). 


Biasing for circuit 10(k) is identical to that for circuit 10(e) 
(Figure 14) except that feedback is added to raise the input 
impedance.#a 
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APPLICATIONS gs 


Amplifier Charts Siliconix 


For convenience this chart offers the designer circuit values for a variety of commonly used J-FET amplifiers. 


Amplifier Design Chart 
(Cs for 3 dB Point at 50 Hz) 
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Amplifier Design Chart 
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mechanical data At Siliconix’ option, lead finish will be either Gold Plate or Tin Plate. $E 


Electrical Characteristics are not affected. 


Siliconix 


0,260 ; 
0.240 ne 
(6.60) 
(6.10) lee 


5 2 LEADS 
0.12 ul bl 3 LEADS 
0.009 0.019 (0.483) 5), 0,019 (0.483) pia 


(3.18) 0.016 (0.406) 0.016 (0.406) 


BOTTOM VIEW 
BOTTOM VIEW 


TO-18 
(2 PIN) 


BASE IS SOLID KOVAR 


0.019 (0.483) pip, 


0.125 a fe: 3 LEADS 
021 (. 
0.016 (0.406) 0.009 0.021 (533) pip 


(3.18) 0.016 /.406) 


BOTTOM VIEW 
BOTTOM VIEW 


0.500 


(12.70) 
MIN 
BOTTOM VIEW 
(ALTERNATE) 
0.030 0.048 
(0.762) oe 0.028 
MAX (1.220) 


« 
io, YA 0,086 


0.036 
(1.170) 


3 LEADS -9:019_ 6 LEADS (0.914 
0.016 11, 0.019 (.483) pin ; 
(0.483) 0.016 /.406) 
(0.406) 
ALL DIMENSIONS IN INCHES. BOTTOM VIEW 
(ALL DIMENSIONS IN MILLIMETERS.) BOTTOM VIEW 


TO-52 
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mechanical data (cont'd) At Siliconix’ option, lead finish will be either Gold 


Plate or Tin Plate. Electrical Characteristics are not affected. 


0.500 


(12.70) 
MIN 


0.050 


ase (1.27) 


(.762) 
MAX 


4 LEADS 


0.019 (.483) 


0.016 /.406) Pia 


BOTTOM VIEW 


080 
105 
(2.03) 
(2.67) 


3 LEADS TO FIT INTO 


0.022 
70.556) DIAHOLE 
0.125 (3.18) 
0.165 (4.19) 
BOTTOM VIEW 


e Insensitive To Light 
® Insulated Case 


ALL DIMENSIONS IN INCHES. 
(ALL DIMENSIONS IN MILLIMETERS.) 


TO-92 


0.015 bal 
(oasi) a 


L, LEADS 


0.019 (.483) 
0.016 /.406) ae 


BOTTOM VIEW 


E LEADS 


0.019 (.483) 
0.016 /.406) 


0.040 (7.02) ll 


INSULATOR 
MAX 


BOTTOM VIEW 


Tis 


SIDE VIEW 


3 
® Insensitive To Light 
e Insulated Case 


ALL DIMENSIONS IN INCHES. 


(ALL DIMENSIONS IN MILLIMETERS.) 


(0.556) 


0.400 
(10.16) 
MIN 


0.080 
0.105 
(2.03) 
(2.67) 


LEADS TO FIT INTO 
eae DIA HOLE 


0.125 (3.18) 
0.165 (4.79) 
BOTTOM VIEW 


TO-92 LEAD FORM 
(—18) 
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Siliconix 


AOTOa_ PRODUCGT-SELECTOR GUIDE 


LS1I/Linear 


FUNCTION/APPLICATION 


BASIC 
; | 
PART NO DIGITS SCALES RESOLUTION ACCURACY 


A/D CONVERTERS 


LD110/LD111A” 


LD111/LD114 
LD120/LD121A 
LD122/LD121A 


LD130 
LINEAR 


2 V, 200 mV, 20 mV 10 nV (1 wV with external preamp) 0.02% +1 count 
(2 mV with external preamp) 


2 V, 200 mV 100 pV 0.05% + 1. count 
2 V, 200 mV 10 pV, 100 nV 0.005% + 1 count 


2 V, 200 mV, 20 mV with 1uV @ 20 mV 0.005% + 1 count 
external low-noise op amp 


1.0 V “dmv 0.1% +1 count 


Triple Op Amp/Low power amplificaton, voltage comparators, active filters, battery powered circuits 


Quad Comparator/Low power voltage comparator, level detectors, CMOS line receivers, oscillators, 
phase comparators, battery powered circuits 


INTERFACE 


TELECOM 
DF320/DF322 


DF331A/DF332A 
or 
DF331A/DF334A 


DF341A/DF342A 


Universal Logic Interface Circuit/Level shifts TTL or CMOS logic input to any logic output at high 
speed 

Dual High-Voltage Driver/Provides complementary logic-level transition for driving VMOS Power FETs 
at high speeds 

Decodes Four Digit Multiplexed BCD to LCD Display Driver/Decodes up to 4 digits of multiplexed 
BCD information and derives the AC signals needed to driver a 4 digit LCD display 


Loop Disconnect Dialer (push button to conventional pulse dialer)/Allows conversion of telephone 
systems without touch-tone® capability to use a push button phone 

y255-Law CODEC/Converts present analog voice channels into a PCM digital format with companding 
A to Dcharacteristics and back to analog signals (coder-decoder set) 


A-Law CODEC/Same as DF331A/DF332A except this part follows the Telecommunications Industry 
A-Law for companding 


*LD111A direct replacement for LD111. 
Touch-tone® is a registered trademark of Western Electric Co. 
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iconix 


VN35AA 


VN30AA 


2N6659 
VN35AB 


VN30AB 


VN33AJ 
VN35AJ 


VN33AK 
VN35AK 


PRODUCT SELECTOR GUIDE 


BREAKDOWN VOLTAGE 


vai000 
CJ 

VvQ1000 
cP 


VNG64GA 


VN66AJ 
VN67AJ 


VN66AK 
VN67AK 
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VN89AA 


a0seae EE 


VN88AF 
VN89AF 


VMOS 


2N6658 


VNSOAA 


2N6661 VN98AK 
VNS9AK 
VN90AB 
TO- 


14 Pin Dip 


Ds J 


Siliconix 


PRODUCT INFORMATION 


Analog Switches 


Multiple Channel PMOS Switches 


Siliconix P-Channel MOSFET Switches are available for such applications as sequential switching (commutation), 
signal processing, modulation, and A-to-D conversion. The MOSFET is normally OFF. These devices are also available 
with Siliconix drivers in a single package. 


Circuit Function 


Ss 
O D 
U RG 
Basic R AA Pull 
Part Cay at Up Cgs Cds Csb 
Number E N E On msMax(V) Is(off) VGs(th) Typ Typ Typ 
(Note 2) S S S SwitchType Gate @Vs=+10V @Vs=-10V_ BVpss (nA) Min Max (pF) (pF) (pF) 
Giii5 6) it 6 SP6T Yes 100 450 — 30 0.5 -15 -40 09 0.4 2 
CAS Gera ets) SP5i; Yes 100 450 — 30 0.5 -15 -40 09 04 2 
Gils) 6:0 1" 6 SP6T No 100 450 — 30 05 -15 -40 09 0.4 2 
Giui9e 642 3 DP3T Yes 100 450 — 30 0:5) BS) 4:0) ae. 6 OA 2 
Giz2s 4 w2N%2 DPDT Yes 100 450 — 30 0.5 -15 -40 18 0.4 2 
Gi23> 42:25 4 2xSPDT Yes 100 450 — 30 0.5 -15 -40 18 0.4 2 
G124. 4 1 4 SP4T Yes 100 450 — 30 0.5 -15 -40 18 0.4 2 


Drivers for PMOS FET Switches 


These drivers were designed to function as a level shifter and buffer between low level logic and the control gate of 
FET analog switches. Output voltage ratings are as high as 50V. 


OFF Level 
oO V(out)OFF 
“tL U at 
N T Rated Current Optimum Supply 
Basic P P ON Level or Input VINH Voltage Switching 
Part U iU Viout)ON-V2 out)OFF Logic (V) (V) Time (us) 
Number T T at at for VINL (INH) 
(Note 2) S S_ Function and Uses Rated Current(s) Rated Voltage VoutT(low) (V) (mA) Vi V2 VL VR ton toFF 
D123. 6 6 Six Separate 0.4 V@5 mA 0.1 pvA @10 V 1 0.4 (1 mA) (Note9) -20 — Oe toes) eZ 
MOSFET-Drivers 
D125 6 6 Six Separate 0.4V@5mA 0.1 vA @10 V 0 0.5 46 (Note9) -20 5 — 05 ee 
MOSFET-Drivers 
D129. 7 4 Four Channel (BV=50) 0.7 V@10 mA 0.1 vA @10 V 1 0.7 2.2 (Note9) -—20 — — 025 08 
MOSFET-Driver 
with Decode 
*D139 2 4 Dual High-Speed 1.1 V@10 pA 1.3V@10 uA Output& 08 2.0 10 -20 5 OMO i708 0:2 
Drivers/with Com- 1.5V@2mA 1.5 V@ 2mA Complement 0.8 2.0 10 -20 5 OVP Ol 17e c0i2 
plimentary Outputs Available 
NOTES: 


(1) *Devices recommended for new designs are indicated in bold face type. 
(2) See page 3 for package and temperature designations 


(3) Analog voltage range is a function of supply voltages. Where a FET switch is PMOS or CMOS, rps is also a function of Suppply Voltage and 
Analog Voltage. See individual data sheets for more detail. Values shown are for temperature suffix A (see Note 2). 


(4) Input reference voltage of 2.5 V is required (see data sheets). 

(5) See data sheet for switch state of differential switches. 

(6) Current Driven Device—liINH =1 MA 

(7) For truth table see data sheet. 

(8) The appropriate switching characteristic for multiplexers is tTRANSITION, not ton, toFF. 
(9) Device normally operates with resistor—to + 10 V. 
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Publications Index 


Catalog Document Catalog Document 


(See Key) Number ie (See Key) Number Title 
Application Notes AN79-5 Using the VN64GA High Current, 
AN70-1 FET Cascode Circuits Reduce High Power VMOS Power FET 
Feedback Capacitance VA * AN79-6 Using VMOS Transistors to Interface 
F AN70-2 FETs for Video Amplifiers from IC Logic to High Power Loads 
AN71-1 A High Resolution CMRR Test AN79-7 Applications of the VN10KM VMOS 
Method Power FET 
F AN72-1 FETs in Balanced Mixers VA * AN80-1 é Key . the Advance of Switching 
A AN72-2 FETs as Analog Switches ower Supplies 
F AN73-1 FETs as Voltage-Controlled Resistors VA AN80-2 Meet ie VMOS FET Model i, 
A AN73-2 IC Multiplexer Increases Analog Pont peel avin oii 
Switching Speeds = njoy ower Amplifier Design 
A AN73-3 Switching High-Frequency Signals VA * AN80-5 An Alternative Power Amplifier 
g hig q y vig ; 
With FET Integrated Circuits Design 
AN73-4 Junction FETs in Active Double- AN80-6 AGC for the VMOS RF Power 
Balanced Mixers Amplifier 
A * AN73-5 Driver Circuits for the JFET Analog AN80-8 COE eel oS Sed re 
Switch +42 Digit 
L AN73-6 Function/Application of the L144 pagbcleie Set in Measurement 
Programmable Micro-Power Triple ystems 
Op Amp AN81-1 Microprocessor Interface Techniques 
* AF As Applied to the Siliconix A/D 
F,A AN73-7 An Introduction to FETs 
: BE Converter Family 
L * AN74-1 Function/Application of the LD110/ d F 
LD111 3% Digit A/D Converter Set AN81-2 Introduction to Quantized Feedback 
i : : = AN81-3 Composite Op Amp for High 
A AN74-2 Analog Switches in Sample and Hold pavforianice 
Circuits 
AN74-3 ae Junction FET Input Design Aids 
E * ANT4-4 Audio-Frequency Noise le * DA74-1 Design Aid of the LD110/LD111 3% 
pieceia coon sunclon FETS L * DA76-2 Dear REY ine er Ase 
A * AN75-1 poeta Switches—A Powerful DVM Demonstrator Board 
AN76-1 Measuring High Frequency L DA76-3 Design Aid of the LD130 +3 Digit 
See eget vate L * DA77-1 Baaga tte ae a Portable 0 to 
MOSFET 2 3 A 
VA *AN76-3. ~~ VMOS—A Breakthrough in Power iste ae ae 
MOSFET Technology ; ; ; F 
L *AN76-4 __- Function/Application of the LD110/ : aelcs ee ie erine LOVAWE Dei Ae 
LD114 3% Digit A/D Converter Set 
x ee re in Kt : % a ek T * DA78-1 Design Aid to Build a CODEC Evalua- 
: feat ee en Ped alg tion Demonstrator with the DF331/ 
A AN76-6 poco tigi . Switch Ehaea rs 
; x op ee nes analog Wie T * DA78-2 Considerations for the Filtering of 
4 ADP CaO i cia Analog Signals in DF331/DF332/ 
L AN76-7 Function/Application of the L161 DF334 CODEC Converter 
Micropower Comparator Applications 
E * AN77-1 Function/Application of the LD120/ DA78-4 Build a Smoke Detector With the 
LD121 4% Digit A/D Converter Set in SM110 IC 
Measurement Systems VA * DA80-1 A Low Cost Regulator for 
VA * AN77-2 Don’t Trade Off Analog Switch NiciaptocBbscoMpblicatns 
ahead Paaeerer iateus sala DA81-1 Logic Interfacing Made Easy with the 
, ; DG308 
Analog Switches f : 
L “AN77-3._ Function/Application of the LD120/ DAST-Zaiorext pred Disntcge Mace Eeey With ine 
LD121 4% Digit A/D Converter Inter- 
faced with an 8080A Microprocessor 
T * AN77-4 Function/Application of the DF331/ Key 
DF332 New Companding Converter Catalogs 
Chip Set A=Analog Switches and T=Telecommunications 
VA * AN79-1 A 500 KHz Switching Inverter for Their Applications Data Book 
12 V Systems F=FET Design Catalog | VA=VMOS Applications 
VA * AN79-3 Cite p ee Neen ee ofa Handbook 
MOS Power Switch L=LS! Data Book 
VA * AN79-4 Driving VMOS Power FETs 


*Available in bound catalog only. 


6-7 


xiIuUgooDI 


iconix 


Publications Index (Con’t) 


Catalog Document 


(See Key) Number Title | Title 


Design Ideas Reprints & Reports 
F * DI71-1 The FET Constant Current Source ¢ Siliconix, Inc. Annual Report. 


DI71-4 Wideband Mixer-Preamplifier Using e Designing a VMOS 250 Watt Off-Line Inverter. 
FETs David C. Hoffman, Powercon 3/78 
DI71-5 A FET Frequency Doubler e Designing with CODECs: Know Your A’s and y’s. 
DI71-6 Using FETs in Selective VHF Thomas J. Mroz, EDN 5/76 
Amplifiers ¢ Log Data under » Control. Gary Grandbois, 
DI71-8 Using JFETs in Ultra-Wideband UHF Electronic Design 5/76 
Amplifiers ¢ Higher Power Ratings Extend VMOS FETs’ 
; F fm ifi ith Hi Dominion. Arthur D. Evans, David C. Hoffman, 
. ae Niet onic tT a Edwin S. Oxner, Walter Heinzer and Lee Shaeffer. 
F * DI73-2 High Performance FETs in Low-Noise Spat Ee = oe As 
VHF Oscillators ¢ CODEC has On-Chip Signaling for Phone 
DI80-1 A 5 Watt, Parallel-Mode Crystal Applications, Walter Heinzer and Steve Bolger, 
} Bae pag oT Electronics 6/7/79 
¢ A Microprocessor Controlled VMOS Power 
Technical Articles Supply, David C. Hoffman 
TA70-1 High Frequency Junction FET * Control Analog Signals with Voltage, Stephen 
Characterization and Application Moore, Electronic Design, 1978 
E. * TA70-2 FET Biasing e Exploit VMOS FETs’ Advantages to Drive Bipolar 
A * TA73-1 Multiplexer Adds Efficiency to Power Transistors, F. Michael Barlage, Powercon 
32-Channel Telephone System 5/78 os) : 5 re : 
A TA73-2 Desiani ith Monolithic FET e Rely on IC Analog Switches for Fast Small-Signa 
PA ed Control, EDN, August 5, 20, Sept. 5, 1980 
TA76-1 VMOS Power FETs in Your Next 
Broadband Driver 
TA76-2 A New Technology: Application of 


VMOS Power FETs for High 
Frequency Communications 


T * TA78-1 Designing with CODECs: Know Your 
A’s and yp’s 
VA * TA78-2 Designing a VMOS 250 Watt Off-Line 
Inverter 
Ty, * TA79-1 CODEC Has On-Chip Signaling for 
Phone Applications 
Catalogs 


Analog Switch Data Book 


Analog Switches and Their Applications ($7.95 
charge) 


FET Design Catalog 
LS! Data Book 


Key 


Telecommunications Data Book Catalogs 

VMOS Power FETs Design Catalog A=Analog Switches and = T=Telecommunications 

VMOS Power FETs Applications Handbook bed, epepearions Calaiees ee 
F=FET Design Catalog VA =VMOS Applications 


OEM Pricing with Cross Reference 
RF Power FET Short Form Catalog 
Siliconix Short Form Selector Guide 


Handbook 


L=LSI Data Book 


“Available in bound catalog only. 


@ @ oe Se ea Te 
glossary of terms and abbreviations Ss 
leas Siliconix 
1. Upper case letters indicate DC voltages and currents. Se RE A 
2. Lower case letters indicate AC voltages and currents. 


3. Subscripts can refer to the terminals used in the measurements, i.e., VG = Gate Voltage; or simply help define the sym- 
bol, i.e., tf = Fall Time, tr = Rise Time. 


4. Triple subscripts are used for terminal references only. The first subscript is the object terminal. The second subscript is 
the common terminal. The third gives the condition of the remaining terminal(s). S = Short, 0 = open and X = neither 
open nor short (refer to the test conditions). Example: BVGss = Breakdown Voltage from gate to source with the drain 
shorted to the source. 


= Common-Gate Forward Susceptance Cgb = Source-Body Capacitance 


= Common-Source Forward Susceptance Ceq = Source-Drain Capacitance 


bigs = Common-Gate Input Susceptance Csgo = Source-Gate Capacitance 


Diss = Common-Source Input Susceptance D = Drain 


Bogs = Common-Gate Output Susceptance en = Equivalent Short Circuit Input Noise Volt- 


age 
boss = Common-Source Output Susceptance 
f = Figure of Merit 
m Y 
Dig = Common-Gate Reverse Susceptance 
G = Gate 
brs = Common-Source Reverse Susceptance 
Sfg = Common-Gate Forward Transconductance 
BVpGo = Drain-Gate Breakdown Voltage 
Ofs =Common-Source Forward Transconduc- 
= Drain-Source Breakdown Voltage tance 


BVspx = Drain-Source Breakdown Voltage Ifso = Common-Source Forward Transconduc- 
tance @ Vgs = 0 


BVGiSsS = Gate 1 to Source Breakdown Voltage 
Ofs1/9fs2 =Common-Source Forward Transconduc- 


= Gate 2 to Source Breakdown Voltage tance Ratio 


BVGss = Gate-Source Breakdown Voltage Sig = Common-Gate Input Conductance 


BVsps = Source-Drain Breakdown Voltage Gis = Common-Source Input Conductance 


BVsGo = Source-Gate Breakdown Voltage Sog =Common-Gate Output Conductance 


Cab = Drain-Body Capacitance Gos = Common-Source Output Conductance 


Cdgo = Drain-Gate Capacitance oss = Common Source Output Conductance @ 


Ves =9 

Cgb = Gate-Body Capacitance 

Gos1-Yos2 = Differential Output Conductance 
Cod = Gate-Drain Capacitance 

Gpg = Common-Gate Power Gain 
Cgs = Gate- Source Capacitance 

Gps = Common-Source Power Gain 
Ciss = Common-Source Input Capacitance 

I D(off) = Drain Cutoff Current 
Coss = Common-Source Output Capacitance 

ID(on) = Drain ON Current 
Crss = Common-Source Reverse Transfer Capaci- 

tance IpDGO = Drain-Gate Leakage 
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iconix 


glossary of terms and abbreviations (contd) s 
Ipss = Saturation Drain Current td(on) = Turn-On Delay Time Siliconix 


Ipss1/Ipss2 = Saturation Drain Current Ratio ts = Fall Time 


= Forward Current Tj = Junction Temperature 


= Gate Operating Current toff = Turn-Off Time 


1G1G2 = Gate to Gate Leakage Current ton = Turn-On Time 


llg1-lGal = Differential Gate Operating Currents T| = Lead Temperature 


IGBS = Gate to Body Leakage Current tr = Rise Time 


1G(f) = Gate Forward Current Tstg = Storage Temperature 


IGss = Gate Reverse Current VB = Body Voltage 


= Gate 1 to Source Leakage Current VBB = Body Supply Voltage 


IG1ss 


Vb 


IG2ss = Gate 2 to Source Leakage Current meDtainvoltage 


V = Drain Supply Voltage 
IG1SSR = Gate 1 to Source Reverse Leakage Current oe, aot 
VbDS(on) = Drain-Source ON Voltage 
IG2SSR = Gate 2 to Source Reverse Leakage Current 
= VG = Gate Voltage 
in = Equivalent Open-Circuit Noise Current 
VGG = Gate Supply Voltage 
Ip = Pinch-Off Current 
VGsS = Gate-Source Voltage 
NF = Noise Fi 
a I\VGs1-Vesa2l = Differential Gate-Source Voltage 
Pb = Continuous Power Dissipation AVGs = Differential Gate-Source Voltage 
Pov = Peak Operating Voltage AlVgs1-Vgs2! 
—————— = Differential Gate-Source Voltage Change 
'ds(on) = Drain-Source ON Resistance a withabaier ature 
VGs(f) = Gate-Source Forward Voltage 
'DS(on) = Static Drain-Source ON Resistance 
VGS(th) = Gate Threshold Voltage 
Re (Y fg) = Common-Gate Forward Transconductance 
V = Gate Source Cutoff Voltage 
Re (Y¢s) = Common-Source Forward Transconduc- SSM, 
tance VG1S(off) = Gate 1 to Source Cutoff Voltage 
Re (Yig) = Common-Gate Input Conductance 
VG2s(off) = Gate 2 to Source Cutoff Voltage 
Re (Yj) = Common-Gate Output Conductance 
V = Source Voltage 
Re (Y Qs) = Common-Source Output Conductance ° ss : 
Re (Yrg) = Common-Gate Reverse Transconductance Vss = Source Supply Voltage 
Re (Yrs) = pommmenSoures Reverse Transconduc- Z4 = Dynamic Impedance 
‘Gs = Common-Source Input Resistance Zk = Knee AC Impedance 
s = Source 6 = Current Temperature Coefficient 
td = Delay Time Oya = Junction to Ambient Thermal Resistance 


= Turn-Off Delay Time = Junction to Case Thermal Resistance 
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